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48th  Congeess,  »   HOUSE  OF  BEPEESENTATIVES.    i  Mis.  Doc 
2d  Segsion.        (  \     No.  39. 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 


fourth:  report 


OF  THE 


UNITED  STATES 


ENTOMOLOGICAL  COMMISSION, 

BEING  A  REVISED  EDITION  OF  BULLETIN  NO.  3, 
AND  THE  FINAL  REPORT 

ON  THE 

COTTON  WORM, 


TOGETHER  WITH  A  CHAPTER  ON  THE 


BOLL    WORM. 


BY 

CHARLES    V.    RILEY,   Ph.  T> 


WITH  MAPS  AND  ILLUSTRATIONS. 


WASHINGTON: 

GOTERNHENT  PRINTING  OFFICE. 

1885. 


CONCURBENT  RBSOLUTIOy  aathoriaixig  the  printing  of  thirty  thoasand  copies  of  the  eecond 
edition  oi  Balletin  No.  8,  or  foorth  report  of  the  United  States  Entomological  CommiMion. 

Ik  the  House  of  Representatives^ 

January  27, 1881. 
The  following  resolation,  origrinating  in  the  House  of  BepresentativeB,  was  this  day 
coDcarred  in  by  the  Senate : 

Besolved  by  the  House  of  Bepreaentaiives  of  the  United  Statte  of  America,  {the  Senate  con- 
curring,) That  there  be  printed  at  the  Government  Printing  Office  30,000  copies  of 
the  second  revised  edition,  with  necessary  illustrations,  of  Bulletin  No.  3,  of  the  United 
States  Entomological  Commission,  being  a  report  on  the  Cotton  and  Boll  Worms, 
with  means  of  counteracting  their  ravages ;  10,000  copies  thereof  for  the  use  of  the 
Senate ;  16,180  for  the  use  of  the  House,  and  1,820  for  the  Interior  Department. 
Attest : 

GEO.  M.  ADAMS, 

Clerk. 
n 


TABLE    OF    CONTENTS. 


Page. 
LiKTTER   OF  SUBMITTAL XVii 

Prkface  - xix 

Introduction xxiii 

CHAPTER  I. 

Classification  and  nomenclature.    Destructiveness 1 

Popular  and  scientific  Damee,  1 — most  desirable  popular  name,  1 — different 
technical  names,  1 — history  of  these  names,  1 — the  name  Aletia  xjflina 
the  correct  one,  1 — synonomy  of  the  insect,  2 — classificatory  position, 
2 — importance  of  the  family  Noctnidie.  2 — destructivoness  of  the  worm, 
2 — causes  which  increase  this  destructiveness,  2 — regions  where  losses 
are  greatest,  2— and  least,  3— tabular  statement  of  losses,  3 — previous 
statements,  3 — statement  of  loss  in  1881,  4. 

CHAPTER  II. 

Characters,  habits,  and  natural  history 5 

Distinct  states  of  growth,  5 — the  worm  must  hatch  from  an  egg,  5— -descrip- 
tion of  egg,  5 — where  the  egg  is  laid,  5 — number  of  eggs  to  a  leaf,  6 — 
time  elapsing  before  hatching,  6-^anhatched  eggs  perish  when  frozen,  C — 
insects'  and  other  eggs  mistaken  for  eggs  of  Aletia,  6 — characters  of  worm, 
6 — description  of  newly -hatched  worm,  6 — number  of  molts,  7 — different 
colors  of  worm,  7 — habits  of  worm  at  different  stages,  7 — ^jumx)iug  habit, 
7— only  known  to  feed  on  cotton  and  one  another,  8 — odor  of  the  worm, 
6 — migrations  of  worm,  8 — method  of  pupation,  H — formation  of  cocoon, 
8 — the  worm  never  burrows  in  the  ground,  8— distinctive  characters  of 
the  chrysalis,  9 — duration  of  chrysalis  state,  9 — distiuctive  characters  of 
the  moth,  9 — sexual  differences  in  the  moths,  9 — different  habits  of  the 
moths  at  night  and  by  day,  10 — their  strong  flight,  10 — their  position  at 
rest,  10— how  soon  the  female  begins  to  lay,  10 — her  prolificacy,  10 — food 
of  the  moth,  10 — it  injures  fruits,  11 — structure  of  the  tongue,  11 — 
mention  of  other  Noctuidie  which  injure  fruits,  11 — time  elapsing  from 
one  generation  to  another,  11 — this  will  average  about  one  month,  12 — 
time  of  year  when  the  first  worms  appear,  12 — former  opinions  erroneous, 
12 — dates  of  earliest  appearance  variable,  12 — worms  of  all  sizes  found 
in  Florida  and  Southern  Qeorgia  in  the  latter  part  of  March,  12 — first 
worms  always  few  and  scattered,  12 — they  multiply  and  spread  irregu- 
larly, 12 — their  progress  governed  by  the  season  and  latitude,  13 — the 
third  generation  often  called  the  first,  13 — number  of  annual  generations, 
13 — there  are  at  least  seven  in  Southern  Texas,  13 — gradual  progress  and 
eucceasion  of  broods,  14 — the  second  generation  exceptionally  very  inju- 
rious, 14 — why  not  usually  so,  14 — extent  of  migratory  flights  of  the 
moths,  15— probable  existence  of  northern  food-plants,  15 — causes  and 
aeaaona  of  migration,  15 — ^behavior  of  migrating  moths,  15 — the  question 

ui 


r 


IV  TABLE   OF.  CONTENTS. 


Characters,  habits,  and  natural  history — Continned. 

of  hibemntion,  15— different  former  opinions  and  beliefs  concerning  hi- 
bernation, 16 — discussion  of  tLese  opinions,  16 — the  chrysalides  are  killed 
by  a  temperature  below  22"  F.,  16 — pajasited  chrysalides  can  bear  greater 
cold,  16 — ^fallacy  of  the  belief  that  the  chrysalis  winters  underground, 
16— ease  with  which  erroneous  conclusions  can  be  drawn  from  mistaken 
identity,  17 — the  chrysalis  of  Aspila  riresoens  mistaken  for  that  of  the 
Aletia,  17 — chrysalides  of  other  cotton  laryse  found  underground  in  abun- 
dance, 17 — the  chrysalis  of  Aletia  killed  by  burial,  17 — ability  of  the 
moth  to  survixre  the  winter,  18 — unreliability  of  most  testimony  as  to  the 
hibernation  of  the  moth,  18 — other  moths  easily  mistaken  for  it,  18 — 
Hypena  scdbraliSf  IS^  Phoheria  atomaris,  19—Leucania  unipuncta,  19 — ab- 
sence of  testimony  to  the  survival  of  the  moths  beyond  March,  19— theory 
of  annual  introduction  of  the  species  from  some  southern  foreign  conn- 
try,  19— stat-ement  and  discussion  of  Grote's  arguments  and  of  others  in 
support  of  this  theory,  20 — arguments  in  favor  of  the  hibernation  of  the 
moth,  21 — both  immigration  and  hibernation  may  occur,  21 — summary 
of  the  evidence,  22— Aletia  hibernates  only  as  a  moth  and  only  in  the  ex- 
treme south,  especially  in  Texas,  22. 

CHAPTER  III. 

Past  history  of  the  Cotton  Worm  in  the  United  States 23 

From  1793  to  1825,  23— from  1826  to  1846,  24— from  1847  to  1866,  25— firom 
1867  to  1869,  26— from  1869  to  1872,  27— in  1872  and  1873,  28— in  1873  and 
1874,  29— in  1875  and  1876,  30— in  1877  and  1878,  31- in  1879  and  1880,32— 
in  1880  and  1881,  33 — history  of  remedies,  34 — hand-picking  and  poultry, 
34 — fires,  35— other  remedies,  35-36 — arsenic,  36 — Paris  green,  36-38 — 
planting  jute,  38 — machinery,  38— London  purple,  38— pyrethrum,  38. 

CHAPTER  IV. 

The  Cotton  Worm  in  other  countries 2^ 

Geographical  distribution  of  Aletia  xyUna,  39 — other  insects  iiijurious  to 
cotton  in  the  Eastern  Hemisphere,  39 — occurrence  of  Aletia  xyUna  on  the 
Pacific  coast  of  Mexico,  39-40~on  the  Gulf  coast  of  Mexico,  40-<ll — in 
Yucatan,  41 — in  the  West  Indies,  42 — in  the  northern  countries  of  South 
America,  42-43 — in  Brazil,  43-44. 

CHAPTER  V. 

On  THE  ANATOMY  OF  ALETIA.      BY  EDWARD   BuRGESS   AND  C.  S.  MiNOT......  45 

Circumstances  under  which  this  chapter  was  prepared,  45— external  anat- 
omy of  larva,  45 — true  legs,  45 — prolegs,  4U — colored  markings,  46 — stig- 
mata, 46 — internal  anatomy  of  larva,  47 — ^head,  47— ganglia,  47 — diges- 
tive canal,  47 — malpighian  vessels,  47 — salivary  glands,  47 — dorsal  vessel, 
47 — stomach,  48 — external  anatomy  of  imago,  48 — method  of  preparing 
the  exoskeleton  for  examination,  48 — head  and  appendages,  48 — protho- 
rax,  48-49 — mesothorax,  49 — metathorax,  49-50 — supj^sed  organ  of  hear- 
ing, 50 — abdomen,  50-51 — spiracles,  51 — legs,  51— scales,  51-52 — soale- 
pores,  52 — proboscis,  52— spines,  53 — internal  anatomy  of  imago,  53— di- 
gestive canal,  53 — pharynx,  53-54 — salivary  glands,  54— cDsophagus,  54 — 
food  reservoir,  54-55— stomach,  55 — malpighian  vessels,  55  ^intestines, 
55— aorta,  55 — nervous  system,  55— ganglia,  55— terminal  body  jKgments 
and  organs  of  reproduction,  56 — brush-sac,  56 — male  organs  of  reproduc- 
tion, 56— testes,  57 — vasa  deferentia,  57 — penis,  57 — female  organs  of  re- 
production, 57 — ovaries,  57 — sebaceous  glands,  57 — vagina,  58 — copulatory 
pouch,  58— terminal  abdominal  segments  of  the  female,  58. 


TABLfi  OF  COirtfiHTd. 

CHAFTEB  YL 

The  Contnr  Bklt.    Bt  Pbof.  E.  A.  Smith 59 

A.  Gmermi  frnimrm  •/ ike  c^Oem  SImim 59 

Begkm  included  in  tlie  eotion  belt,  59— climmte,  59— winda,  59— ninfmll, 
59-61— temperatoiey  61-6^— gieological  sketch,  G3-€^— topography,  63- 
64— fioilB,  64-65— «grieii]tiiral  sahdivisloiis,  65— regions  of  foteet  growtiif 


B,  Z>0MriptMMi  of  tte  ofTievltersI  tttMicimoaj 67 

The  allavial  r^pon,  67--68— ihe  lower  prmirie  region,  6^-69 — the  long-leaf 
pine  region,  69-71 — ^the  oak  uplands  region,  72-73 — the  npper  prairie  re- 
gion, 73-75— the  red  and  brown  loam  region,  75-77 — ^the  sandy  and  sili- 
eeoQs  lands  of  the  older  formations,  77-79 — ^the  gneissic  region,  79-^. 

CHAPTER  VII. 

TkRHXSTRIAL  AKP  MBTEOROLOGICAI.  INFLCSNCES  AFFECTING  THE  WORM 81 

Condition  of  soil  and  plant  eonnected  with  the  appearance  of  the  first 
worms,  81 — ^tbe  earliest  worms  are  confined  to  the  '*  low  lands, **  81 — and 
to  Inxoriant  plants,  82— and  to  the  vicinity  of  winter  sheltera,  82 — and  to 
the  same  localities,  82 — inflnence  of  wet  weather  on  the  development  of 
the  woims,  83 — severe  rains  with  gales  destroy  both  worms  and  crop, 
83 — late  cold  rains  do  the  same,  84 — ^frequent  summer  rains  favor  the  de- 
velopment of  the  worms,  84 — ^hot,  dry  weather  destmctive  to  them,  84 — 
.artificial  drought  produces  the  same  effect,  84 — indirect  inflneucee  of  wet 
weather  in  favoring  the  development  of  the  worms,  85— immunity  of  the 
worms  from  their  enemies  in  wet  weather,  85— drowning  of  ants  by  heavy 
showers,  85 — wet  weather  prevents  poisoning  and  working  the  cotton, 
letter  from  J.  W.  Du  Bose  on  the  influence  of  winds  on  Aletia, 


CHAPTER  Vni. 

Natural  ENEMIES 87 

General  remarks,  87 — importance  lessened  by  the  use  of  arsenical  poisons, 
87 — vertebrate  enemies,  87— quadrupeds,  87— birds,  87 — English  spar- 
row, 88 — ^toadsand  lizards,  89 — invertebrates,  89 — spiders,  89 — ants,  90 — 
species  of  ants  destroying  Aletia,  90 — Hubbard's  observations  on  ants, 
92 — the  leaf-cutting  ant,  94 — wasps,  94 — Coleoptera,  95 — ^tiger-beetles,  95 
—ground-beetles,  95 — ^lady-birds,  96— soldier-beetles,  96 — Heteroptera,  97 
— list  of  species,  97 — Dipteta,  99 — Ortboptera,  99 — Neuroptera,  IQO — Lepi- 
doptera,  100 — parasites,  101— list  of  species,  101 — the  Trichogramma  egg- 
parasite,  102 — ^tbe  cotton- worm  Microgaeter,  104 — Comstock's  Euplectrus, 
10&—£laM$tu$  euplectrif  a  secondary  parasite,  106—  the  common  flesh-fly, 
107 — Cjfrianeura  Biahulan$f  IQS—iB  it  parasitic?  108-^  taohina- flies,  109— 
their  habits,  109 — the  watchful  Pimpla,  111 — the  Ring-legged  Pimpla,  113 
— Crj/pius  nundiis,  113 — the  Ovate  Cbalcis,  114 — the  Devouring  Tetraeti- 
chns,  115—  species  that  are  easily  mistaken  for  parasites  of  Aletia,  115— 
Hetaplasta  ngisag,  115— PAora  aletia,  116. 

CHAPTER  IX. 

Preventive  measures 120 

Mode  of  cultivation,  120 — improving  cotton  seed,  120— forciDgtheyouug 
plants,  120 — ^transplanting  from  hot-beds,  120— objections,  121 — frequent 
cultivation,  121 — topping  the  cotton,  121 — fertilizers,  121 — sulphuric 
^eid  on  seeds,  121— late  planting,  121 — "  worm-proof  cotton,"  121 — diver- 
sified agriculture,  122— rotation  of  crops,  122— jute  as  a  protection,  122— 


VI  TABLE   OP  CONTENTS. 

Preybntive  measures — Coatinaed. 

other  supposed  protective  plants,  123 — protection  of  Natural  Enemies, 
123 — immunity  of  cotton  under  trees,  124— preventing  oviposition  of 
the  moth,  124 — futility  of  decoctions  for  this  purpose,  125 — road  dust, 
125 — early  application  of  direct  remedies,  126— concerted  action,  126 — 
early  poisoning  and  hand-picking,  126— cotton-worm  warnings,  127 — 
destroying  chrysalides  accidentally  carried  into  gin-houses,  127^falBe 
theories,  127— burning  the  stalks,  127 — winter  plowing,  127 — salt,  127. 

CHAPTER  X. 
Remedies;  means  of  coping  with  the  insect;  substances  used  for  rrs 

DESTRUCTION 128 

Destruction  of  the  eggs,  chrysalides,  and  moths,  128— destruction  of  the 
eggs  impracticable,  128 — little  chance  for  successful  destruction  of  the 
chrysalides,  128 — destruction  of  the  moth,  129 — ^lights  and  fires  for  at- 
tracting the  moths,  129 — indifferent  success  with  lamps  used  at  Co- 
lumbus, Tex.,  130 — importance  of  using  lamps  early  in  the  season, 
130 — apparent  success  with  lamps  near  Heame,  Tex.,  131— great  at- 
tractiveness of  the  electric  light,  131 — movable  lights,  131 — poisoned 
sweets  and  fluids,  131 — fondness  of  the  moths  for  ripe  fruit,  132 — killing 
moths  by  poisoned  fruit,  132— method  of  using  poisoned  liquids,  132— no 
results  from  using  poisoned  baits  late  in  summer,  133— poisoning  the 
glands  of  the  plant,  133 — cotton-leaf  essence  and  its  attraction  to  the 
moth,  134 — hand-picking,  135 — mechanical  means  of  killing  the  worms, 
136 — shaking  off  the  worms,  136 — poisoning  the  worms,  136— progress  in 
the  use  of  insecticides,  137— classification  of  insecticides,  137— importance 
of  preparing  materials  in  advance,  138 — arsenical  compounds,  138 — safety 
in  their  use,  138 — difficulty  in  determining  minimum  quantities,  139 — 
overdoses  of  poisons,  139 — ^general  rules  in  dry  applications,  140 — mixing 
devices,  141 — ingredients,  141 — wet  application,  142 — ^principles  to  be 
followed  and  ingredients  to  be  used,  142— comparison  of  dry  and  wet  ap- 
plications, 142 — Paris  green,  143— historical  data,  143 — liquid  application, 
143— dry  application,  144 — minimum  quantities,  144 — patents  on  Paris- 
green  combinations,  146 — arsenic,  147 — commercial  arsenic,  147 — arseni- 
ate  of  soda,  147 — Fowlers's  solution,  148 — Johnson's  dead  shot,  148 — Texas 
cotton- worm  destroyer,  149 — Loudon  purple,  149 — manufacture  and  analy- 
sis, 149 — history  of  its  use,  150— experience  in  Alabama  in  1880,  150 — ad- 
vantages and  disadvantages,  151 — dry  application,  151 — wet  application 
152— other  mineral  substances,  153 — salt  and  saltpeter,  153 — sulphur,  154 — 
red  lead,  154 — ^road  dust,  154 — oils  and  allied  substances,  155 — kerosene, 
155 — former  methods  of  application,  155 — invention  and  perfection  of 
emulsions,  156 — ^method  of  preparing  emulsions,  157 — formula  for  per- 
fected emulsion,  158 — experiments  with  imperfect  emulsion  in  1880, 158 — 
experiments  with  perfected  emulsions,  160— oil  of  creosote,  162 — oil  of 
tar,  162 — ^gas-tar  water,  162 — carbolic  acid,  163-^otton-seed  oil,  163 — 
vegetable  insecticides,  164 — ^pyrethrum,  164 — history,  164 — mode  of  culti- 
vation, 165— «ucce8s  in  cultivating  the  plant  in  America,  166 — ^preparation 
of  the  powder,  167 — its  use  as  an  insecticide,  168 — advantages  and  disad- 
vantages, 168 — active  principle  in  pyrethrum,  169 — it«  effects  on  cotton- 
worms,  169 — imported  vs,  Califomian  powder,  170 — dry  application,  170 — 
minimum  quantities  of  dry  powder,  171 — dry  powder  mixed  with  flour 
and  other  ingredients,  172 — application  in  fumes,  174 — alcoholic  extract, 
174 — experiments  with  extract  obtained  by  distillation,  174 — experience 
with  extract  obtained  by  repercolation,  176 — use  of  the  powder  in  simple 


TABLE  OF  CONTENTS.  VII 

•  « 

RnoEDixs;  mkans  of  copikg  with  the  iksegt,  ktc.— Continaed. 

water  solation,  177 — tea  or  decoction  of  pyrethrum,  178— effect  of  pyre- 
thram  upon  other  ioBects,  179 — ^proe]>ect8  for  the  use  of  pyrethmm  for  the 
cotton- worm,  180— ox-eye  daisy  powder  and  its  nselessness  as  an  insecti- 
cide, 180 — extracts  and  decoctions  from  varions  plants,  181— difficnlties 
in  the  way  of  discovering  new  yegetahle  insecticides,  182 — mode  of  pre- 
paring the  extracts*  and  diffnsions,  183 — list  of  the  plants  experimented 
with,  184— effect  of  alcohol  upon  the  worms,  187 — yeast  ferment  and  fnn- 
gns  infection,  188 — Dr.  Hagen's  recommendations  of  the  nse  of  yeast  as 
an  insecticide,  188— objections  to  Dr.  Hagen's  plan,  189 — ^negatire  results 
obtained  by  the  Commission,  190. 

CHAPTER  XI. 

MACHIlfXBT  Ain>  DEVICES  FOR  THE  DESTRUCTION  OF  THE  WORK.     BT  PROP.  W. 

S.  Barnard,  Ph.  D 191 

I.  Sprat  nozzles,  classification,  preferred  kinds,  191 — Many-pwndured 
woMgltB,  191-6 — preferred  constmotion,  191-3 — straining  and  cleaning  m. 
dogging,  192 — Eddy-roses,  their  operation,  constmction,  and  leading  im- 
portance, 192-3 — Plug-roses,  action  and  construction  unsatisfactory,  193- 
4 — Johnson's,  Melcher's,  Dawson's,  Foster's,  193— Lynch's,  194— Colliding 
Jets,  gas-jets,  superiority,  Daughtrey's,  Weber's,  Prouty's,  194 — T-roses, 
194 — ^Yeager's,  Warner's,  improvements,  195— Divided  rose-heads,  clutch- 
head  of  Biast,  Foos  6l  Co.,  Fobs',  Fox's,  Barrows',  Yose's,  195— Peripheral- 
loses  [divided],  Melcher's,  Yeager's,  Ruhmann's,  196— Rose-combinations 
of  Barry,  Prentice,  &c.,  196— ^2ot  nozzles,  196-205— operation,  196— pre- 
ferred construction^  196-201^4isadvantages,  improvements  made,  197- 
201 — Eddy-chambered,  197-9 — lip  construction,  196-9 — inside  cleaner,  199 
— Simple  slot-nozzles,  Fowler's,  Mallory's,  Iske's,  201-202 — Plug  slot-noz- 
zles, Allen's,  Ruhmann's,  Johnson's,  "The  Niagara," Pinter's,  202— Re- 
movable slots  of  Long,  Vestal,  and  Merigot,  203 — Jawed  slots,  **  The  Boss 
Nozzle,"  Raymond's  and  Perkin's,  Smith's,  Moffet's,  203— Williams',  Ruh- 
mann's, Pinter's,  204— Stanton's,  205— Side  slots,  Schier's,  Melcher's,  205 
— Deflector  iio;;#2e9,206-211— definition,  use,  applicability,  relative  merits, 
206— drip-waste,  clogging,  206— simple  constructions  made,  206-8— con- 
formations for  narrow,  wide  and  even  sprays,  206-7, — ^removable  deflectors, 
207 — Hollings',  Douglas',  Nickerson's,  208 — Hayden's,  Kiliam's,  Lewis', 
Schier's,  Barrett's,  209 — Ruhmann's,  Binkley's,  Schier's  compound,  210 
—Schier's  and  Polansky's,  211 — Centrifugal  nozzles,  211-221 — operation, 
kinds,  choice,  211 — the  new  and  most  perfect  sprayers,  212 — Eddy-cham- 
bered, 212-219— conformation  and  operation,  212— clogging,  cleaning,  con- 
struction principles,  213— forms  described,  214 — ^Whistle-Jets,  215-216— 
for  blast-atomizers  21^— Eddy-jets  proper,  216-219 — involute  form,  cone- 
form,  216— convex  and  concave  forms,  217 — direct  discharge,  proximal 
diagonal  discharge,  217— distal  diagonal  discharge,  218 — centrifugal  nose- 
pieces,  donble-cone  or  double-chambered  form,  and  chambered  plug  form, 
218— direct  spray  and  solid  jet,  219 — Fistular  spray  nozzles,  bose-pipes, 
219 — ^with  rofary  segment,  Hotz's,  Clifford's,  Qielow's,  Johnson's,  Hoyer's, 
Clarke's,  220 — with  cross-plug,  McQafiey's,  Johnson's,  Gray's,  Gielow's, 
Hosford's,  221 — Spray-wheels,  221. — II.  Centrifugal  Throwers,  221-226 
— their  character  and  operation,  221 — Rotated  orifices.  Pronged  reels. 
Brush  poison-throwers,  222 — brush  fibers,  222-3 — rotary  polishing  brushes, 
improved  construction,  fiber-strength,  spring  and  density,  223 — feeding 
the  brushes  with  liquid,  223-5— with  powder,  224 — a  simple  brush 
thrower  of  powder,  224-5-^ad vantages  over  sifters,  velocity  of  rotation, 


VIII  TABLE   OP   CONTENTS, 

MACHiyBRT  AKD  DEVICES  FOR  THE  DESTRUCTION  OF  THE  WORM— Contiliaed. 

225 — WiaewelPs,  225-6— whisps  and  brooms,  rotated  recesses,  226 — III. 
Blowers  of  Poison,  226-252— ^tary  ^lowers,  226-235— kinds  and  suc- 
cess of,  226-7 — For  blowing  powder,  227-232 — hoppers  and  adjustable  feed- 
ers, 227-8 — blower  encasements  and  blast-pipes,  228-9 — blast  forks  and 
deflectors,  229 — improved  light  rotary  blowers,  229-230 — hauled  blowers, 
compound  rotary  blower,  A-frame  and  legged  swivel  wheels,  230 — ^rotary 
velocity,  231 — Hnrd's  rotary  powder  blower,  231-2. — For  blowing  liquids, 
232-5 — improved  feeders  of  liquid  to  rotary  blowers,  232-3 — drip-catcher, 
forked  blast  spray,  233 — Darnell's  rotary  liquid-blower,  233-4 — Hurd's 
ditto,  and  PerPs  rotary  fume-blower,  234 — Force-blast  Rotary  Blowers — 
Oacillating  blowers,  235-251,  bellows  power,  construction,  durability,  im- 
provements, 235-6 — For  blowing  powders,  236-243 — hermetic  powder-box, 
236 — feeders  of  powder  to  blasts,  236-7 — pipes,  forks,  and  nozzles  for 
these  powder  blasts,  237-8 — hauled  compound  bellows  po  wderer,  to  wagon, 
with  motor,  &c.,  238 — cultivator  bellows-blower,  238-9— knapsack  and 
horse-back  bellows  powderers,  2t$9 — improved  small  hand  bellows  powder- 
ers,  239-241— with  forks,  241— Allen's  powderer,24l— common  powder  bel- 
lows, Woodason's,  Hendley's  improved,  242 — Stelle's,  &c.,  243 — For  blow- 
ing fluids,  243-9 — importance,  resnction,  feeding  by  blast-suction,  blast- 
pressure,  gravitation,  gauges,  243-4 — blast  spray  conductors  and  nozzles, 
reverberatory,  244 — whistle-Jets  and  agitation  chambers,  245 — common 
blast  atomizers,  245 — improved  automatic-feeding  blast  sprayers,  246-9 — 
reatomizing,  reverberatory  nozzles,  247 — nether  blast  sprays,  directing 
pipes  and  nozzles,  248 — compound  combinations,  249^Peck's  blast 
sprayer,  and  Wallace's,  2A9— Reciprocating  orpistoned  Blowers,  249-251 — 
improved  air-pump  apparatus,  249-250 — air-pumps  of  Humphryville, 
Rumsey,  &c.,  251— Greficrator  Blowers,  251-2— Steinmann's  vaporizer,  251. 

CHAPTER  XII. 

Machinery  &  devices  for  the  destruction  of.the  worm — continued. . .  253 
IV.  Pneumatic  compression  squirters,  253-261— kinds,  advantages, 
available  flre-extinguishers,  253-4 — carbonic  anhydride,  apparatus,  prac- 
ticability, 255 — danger,  autidotes,  safety  constructions,  255-6 — simple 
generators;  257 — rotary  force-blast,  compression  tjectora,  257 — oscillating 
belUncs,  pneumatic  compression  ejectors,  257 — reciprocating  or  pistoned  ditto, 
258-261 — simple  kind  to  construct,  beer  forcers  applicable,  Worswick 
Co.'s,  Weindel's,  Rninsey's,  Douglas',  258 — Daughtrey's  underspray  theo- 
ry and  machine,  258-261 — the  author's  devices,  259 — Weber's  nozzles, 
260.— V.  Solid  compression  squirters  of  poison,  261-283 — kinds,  261 
— rotary  force  pumps,  261-262- fcydrau/ic  bellows,  262 — oscillating  force 
pumps,  262 — reciprocating  force  pumps,  262-283 — ^kinds,  262-^hydronettes 
and  fountain  pumps,  262-269— May's  patent,  Tyler's,  Servants',  Staples', 
Whitman's  fountain  pump,  263 — hydrouettes,  double-acting,  Deakin's, 
Rumsey's,  cost,  264 — author's  improvements  in  knapsack  apparatus, 
264--5 — in  knapsack  fire-extinguishers,  Condict's  and  Doty's,  265 — in  horse- 
back apparatus,  Warner's,  author's,  265 — in  cart  or  wagon,  265-8 — Cala- 
han's  carts,  legged  wheels,  tongue  or  shafts,  266— wagon  use,  Trelease's 
report,  266-8 — more  economic  devices,  268 — other  pumps  not  in  trade, 
26&-9 — aquapults,  aquajects,  aquarius,  excelsior,  hydropult,  269-271 — opera- 
tion, cost,  269— aqnapult,  Johnson's  patents,  Douglas',  Prouty's,  269-270— 
Johnson's  syringe,  Douglas'  aquarius,  Rumsey's  aquaject,  270 — Deakin's 
excelsior,  Vose's  hydropult,  27 l-^Bucket  pumps  and  knapsack  pumps,  271-4 
— Lewis',  271 — Kortb's  and  less  desirable  kinds,  Stoner's,  Mallory's  Kais- 
er's, Dix's,  272 — Crandal's,  Holland's,  knapsack  extinguishers,  Douglas',    ' 


TABUS  OF  CONTEim.  IX 


MACBmiT  AXD  I>KTICBS  FOB  THK  DCSTRUCTIOK  OP  THK  WORM— ^OOtiniied. 

StantoD's,  973 — backet  poisoDere,  McDonmld's,  AUes'S  w»t«ring-pot  Im- 
proTemeiits,  2?3 — Amor's  and  Lane's  can-syringe,  Hull's,  Wisner'Sy  274 — 
BvrtI  mmd  tmmk  pmmp9  ami  appmriemmica,  ^4-S{^3 — 5SBf fe-adia^,  dia- 
ehsxging  below  the  piston,  Melcher  s,  i74 — Togleaang's,  Rnhmann's,  ^5 — 
Polansky's,  Schiet's,  Batman's,  Bail's  agiUtor,  276— Evenden*s,  HeU 
meeke's,  277 — Yeagers  pomp  and  nozzle,  277-8— Pinter's,  27^. — Single-act- 
ing, discharging  from  above  the  piston,  Cbipley*s,  Weith's,  278 — availa- 
ble cistern  or  weU  pamps,  278-9 — barrow  pumps,  tinck  pomps,  garden 
engine  pomps,  windmill  pnmpe,  Blant*s  Lotos  pomp,  the  Pendulum  and 
Index  pnmps,  eoanter  pumps,  279. — Domht^-aetim^y  force  pomps  proper, 
27^28^— the  best,  279,  kin4^  characterized,  Yoee^s  hydropnit,  the  Cham- 
pion, 2oO — ^Ramsden's,  reduction-cylinder  pomps,  patentees  and  man- 
nfaetorers,  281-2 — ^aothor's  agitator  barrel-pamp,  found  most  satisfac- 
tory, 28^-3 — Condoits,  frmmetf  porlage,  and  cotMiuiHoMt  of  appwrtem^memy 
883 — Johnson's  cotton-spraying  machine,  2^ — Jones's,  Binkley^s,  285 — 
Goodin's,  Wolfiam's,  286— author's  onderspraying  accessories,  288 — plan, 
akid,  mixing  and  straining  funnel,  288— ac^ustments  of  pipes,  forks  and 
nozzles,  289-297,  fork  modifications,  290-2 — pendant  pipes,  21^  conform - 
sbility,  lightness,  cheapness,  292-3,  tube  substances,  293 — author's  A- 
frame  machines,  293-7 — maximum  width  undersprayed,  295 — pipe  adjust- 
ments to  row  widths,  flexible  systems  superior,  296-7 — VI.  Gravitational 
DiSTRiBCTORS,  297-309— /or  liquid,  297-302— kinds,  author's  tripod  auto- 
matic sprinkler,  297-8 — Sohank's  sprinkler,  Taylor's,  298 — Robinson's, 
899— suction  force  pnmps  and  windlass  elevators,  299— bilge  pumps,  300 — 
horseback  automatic  sprinklers,  watering  pot  methotl,  Willie's  sprinkler, 
900— Samsey's,  301 — ^knapsack  automatic  sprinklers,  301— Gray's,  Rug- 
gle's,  Townsend's,  302 — automatic  hand-sprinklers,  watering-pots  afoot 
and  on  horseback,  302 — Far  drypoiaoMf  Miften,  kinds,  30*2-9— disadvanta- 
ges, reciprocating  sieve  machines,  hand-sieves,  303-4— sifting  bag,  Hard's 
sifter  and  blower,  Groodheart's  duster  and  sprinkler,  304 — rotary- sieve 
machines,  304-7 — Robinson's  duster  and  sprinkler,  Davis'  duster,  Levy's, 
305— Taylor's  duster  and  sprinkler,  306 — reciprocating-stirrer  sifters,  Wil- 
lie's, 307— rotary-stirrer  sifters,  Young's,  307— Smith's,  306— Eldridge's, 

309. 

CHAPTER  XIII. 

MACHuntRT  AND  DK VICES  FOR  TUB  DESTRUCTION  OF  THE  WORM— Concluded.  310 
VU.  Insect  manipulators,  mechanical  treatment,  ditlodgingj  cruskiHg^  or 
9H/Ung  the  worms  or  chrysalids,  310 — sweeping,  knocking,  or  jarring  off 
the  worms;  friction  drags,  fringes;  beaters,  310 — collecting  and  dispatch- 
ing means,  311 — crushing,  Helm's  sweeper  and  crusher,  311 — E wing's 
sweeper  and  stifler,  312 — Wood-Smith's,  313 — Iske's  catching  trays,  314 — 
traps  far  the  mathSy  314-321 — ^kinds  of  lures,  light  trappy  314 — Lewis',  Mc- 
Queen's, Rigel's,  315 — Walker's  and  others,  315-6 — lamps  in  motion,  Le- 
blanc's,  Fordtran's,  316— dait  trapSy  Heard's,  Garrett's,  317 — traps  oombin- 
ing  light  and  haiiy  author's  net  trap,  317-319,  thought  the  best,  318— indis- 
crimioate  killing  wrong,  the  best  bait,  319 — Stith's  trap,  319 — ^Pugh's, 
Garrett's,  320— Binkley's,  321. 

CHAPTER  XIV. 

History  of  the  literature  and  bibuooraphy 32i> 

History  of  the  literaMire,  3i^— from  1802  to  1828,  322- from  1829  to  1847, 
323— from  1848  to  1854,  324— from  1855  to  1871,  325— from  18d9  to  1874, 
323— from  187 1  to  1878, 327— from  1878  to  1880, 328— from  1880  to  1881, 3-29— 
bibliography  np  to  and  including  the  year  1881,  329-344. 


X  TABLE  OP  CONTENTS. 

CHAPTER  XV. 

Insects  liable  to  be  mistaken  for  Aletia 345 

Confasion  of  Aletia  with  other  moths,  345 — with  Aapila  vireacent^  345 — char- 
acters uf  the  most  important  of  these  moths  to  be  illustrated  in  this  chap- 
ter, 345 — ^list  of  these  moths,  345— accoant  of  Anomis  erosa  Hiibner,  345— 
its  geographical  distribution,  346 — structure  of  its  eggs,  346 — distinguished 
from  egg  of  Aletia  xylina,  346 — its  seasons,  346— habits  of  larva,  346 — char- 
acters of  moth,  347 — detailed  description  of  egg,  348 — larva,  348 — pupa, 
349— seasons  and  food-plants,  349 — account  of  Anomis  texana,  n.  sp.,  350— 
habitat  of  A.  exacta,  350— of  A,  Uxana,  350 — larva  distinguished  from  that  . 
of  Aletia  xylina,  350 — pupa  distinguished,  350 — account  of  Leucania  tmi- 
puncta  Ha  worth,  350 — reference  to  discussions  about  this  species,  350 — ^ita 
geographical  distribution,  351— oviposition,  351 — food-habits  of  worms, 
351— pupation,  351— number  of  broods,  351— hibernation,  351 — account  of 
Aspila  virescensy  351 — synonymy,  351 — confounded  with  Aletia  xylina  only 
in  pupa  state,  351 — pupsB  of  the  two  species  distinguished,  352 — ^food- 
plants  of  A.  viresoenSf  352— moth  distinguishe<l  from  that  of  Aletia  aoylina, 
352 — account  of  Draateria  erechtea  (Cramer),  352 — its  geographical  distri- 
bution, 352— variations  in  size  of  moth,  352 — food-plants  of  larva,  352—  * 
habits  of  moth,  352 — number  of  broods,  352— oviposition,  353 — colors  of 
larva,  353 — account  of  Laphygma  frugiperda,  353— its  food-habits,  353 — 
synonyms,  353 — account  of  Platyhypena  scabra  (Fabr. ),  354— geographical 
distribution,  :)54 — food-plants,  354— number  of  broods,  354 — reference  to 
descriptions  of  larva.  354 — Eupleotr us platyhypenw  Kowavdf  bred  from  larva, 
354 — account  of  Phoberia  atomarie  (Httbner),  354 — reference  to  descriptions 
and  figures  of  moth,  354 — food- plant  of  moth,  354. 

CHAPTER  XVI. 

The  Boll  Worm  (Heliothie  armigera  Hiibner) 355 

Introductpry,  355— one  of  the  foremost  of  our  injurious  insects,  355 — 
extent  of  its  ravages,  355— nomenclature,  357 —synonyms,  358 — popular 
names,  358 — ^geographical  distribution,  358 — food-plants,  other  than  cot- 
ton, 359 — corn,  359 — tomato,  361 — tobacco  and  other  tfoZanooece,  362^2e|^ii»i- 
noscBf  362 — cucurbitaceaSf  363 — malvaceoR,  363— other  food-plants,  363— char- 
acters and  transformations,  364 — the  egg,  364 — the  larva,  365— the  pupa, 
370 — the  imago,  371 — number  of  broods,  372 — hibernation,  373 — summary 
of  the  distinguishing  points  compared  with  Aletia^  374 — egg,  374 — ^larva, 
374 — pupa,  374 — adult,  374 — natural  enemies,  375— remedies,  377— early 
planting,  378 — low  corn  r«.  high  corn,  378 — fall  plowing,  378 — destruc- 
tion of  the  moths,  379— lights  and  poisoned  sweets,  379 — hand-picking, 
380 — poisoning,  381— pyrethrum,  381— bibliography,  382. 

EXPLANATION  TO  PLATES 385 

Plate  I-III,  385— IV-VII,  386— VIII-XI,  387— XII-XVI,  388— XVII-XX,  389— 
XXI-XXV,  :J90— XXVI-XXVIII,  391— XXIX-XXXII,  392— XXXIII- 
XXXVIII,  303— XXXIX-XLII,  394— XLUI-XLVII,  395— XLVIII-LIII, 
396— LIV-LVII,  -397— LVIII-LXI,  398— LXII-LXIV,  399. 


TABLE  OP  COKtENTS.  M 


APPENDICES fl] 

Preface  to  appenbices    [3] 

APPENDIX  L 

Report  of  H.  G.  Hubbard [5] 

Report  of  observatioBS  made  in  1881  npon  Aletia  and  other  insect  enemies 
of  cotton,  in  the  State  of  Florida,  [5] — eotton  i^jared  more  by  Dysder- 
eu9  smturellus  than  by  Aleiia  xylina,  [6] — ^and  more  by  rnst  mite  than  by 
either,  [7] — great  destruction  of  Aletia  eggs  by  Triehogramma  preiioia, 
•[7] — succession  of  broods  of  Aletia,  [7] — distribution  of  worms  on  plant, 
[b  J — tabular  statement  of  periods  of  tin^e  occupied  in  each  stage  of  growth, 
[10 J — locality  of  deposition  of  eggs  on  plant,  [12]— proportions  of  light 
and  dark  colored  worms,  [2] — effect  of  shade  in  protecting  cotton,  [12] — 
periods  of  diHerent  stages,  [13]^opulation,  [13] — position  of  moths  at 
reat,  [13] — experiments  with  poisons,  [14] — pyrethrnm,  [14] — London 
pnrple,  [15] — poisoning  the  moths,  [15] — yeast,  [16] — the  boll  worm,  Heli- 
othis  armigera  HUbn.,  [16]. 

APPEISTDIX  n. 

Report  of  Prof.  R.  W.  Jones [17] 

The  cotton  boll  worm,  Heliothis  armigera,  [17] — its  importance,  [17] — food- 
plants,  [17]— natural  history,  [18] — the  egg,  [18] — ^the  larva,  [18] — 
chrysalis,  [  19] — the  moth,  [19] — weather,  [19] — natural  enemies,  [19] — 
Cotton  army  worm,  Aletia  xylina,  [19] — first  appearance  observed  in 
1880,  [19]— experiments  with  poisoned  sweets,  [20] — with  adhesive  sweets, 
[20] — gradual  disappearance  of  moths  in  October,  [20] — preparation  of 
vegetable  substances  as  insecticides,  [20]— pyrethrnm,  [21] — experiments 
with  pyrethrnm  [22], 

APPENDIX  III. 

Report  of  J.  P.  Stelle [25] 

First  appearance  of  Aletia  xylina  and  Heliothis  armigera  in  Texas  in  1880, 
[25] — cotton  blight,  [25] — its  symptoms,  [25] — its  causes,  [26] — boll  rot, 
[26] — its  symptoms,  [27] — its  cause,  [27] — the  flare,  [27] — its  symptoms, 
[27] — its  probable  cause,  [27] — other  food-plants  than  cotton  for  Aletia, 
[27] — none  found  for  the  larva,  [27] — many  for  the  moth,  [27]— food  of 
larva  of  Heliothis  armigera,  [28] — annoyances  to  the  cotton  worm,  [28] — 
common  salt,  [28] — saltpeter,  [28] — road  dust,  [28]— open  spaces,  [28] — 
trees,  [29]— shade,  [29]— natural  enemies,  [29]— birds,  [29]— ants,  [29]— 
other  inseots,  [30] — the  yeast  fermeut  remedy,  [31] — pyrethrnm  powder, 
[31]— other  vegetable  poisons,  [32] — arsenical  poisons,  [32] — London 
paq)le,  [:}2] — Paris  green,  [33] — arsenic,  [33]. 

APPENDIX  IV. 

Reports  of  Dr.  E.  H.  Axdf.R80n [37] 

For  1880,  [37] — seasons  and  habits  of  A.  xylina,  [37]— of  Heliothis  armigera, 
[37]— localities  of  first  appearance  of  A.  xylina  in  the  season,  [37] — rea- 
sons for  this  first  appearance,  [37],  [38] — hibernation  of  this  insect  in 
some  form,  [38] — causes  of  undue  multiplication  of  the  worms,  [38] — in- 
fluence of  ants  on  the  number  of  worms,  [38] — habits  of  ants,  [38] — other 
insects  gathering  sweets  from  the  cotton  plant,  [39]— jute  growing  amidst 
cottoti  has  no  effect  on  the  worms,  [39] — Satumia  io  found  eating  cotton, 
[39]— an  enemy  of  the  cotton  worm  found,  [39] — experiments  with  Lon- 
don purple,  [39] — with  pyrethrnm  extract,  [39]— with  yeast,  [40] — eggs 
of  insects  found  on  cotton  leaf,  [40] — characteristics  of  season  of  1880, 
[40] — Report  for  1881,  [40] — diary  of  observations  on  issuance,  egg- 


XU  TABLE   OF  COlJtfiNTS. 

Reports  of  Dr.  E.  H.  Andersoit— CoDtiuaed. 

laying,  and  hibernation  of  moths,  and  on  weather,  from  October  3  to 
December  31,  [40]-[44] — observationt}  of  Ileliothis  armigera^  [41]-[43] — 
Report  for  1882,  [44]— observations  on  ants  and  aphides,  [45] — abun- 
dance and  sadden  disappearance  of  Laphygma  fnigiperdaj  [45] — scarcity 
of  cotton  worms,  [45] — experiments  with  pyrethram,  [45]-[48] — weather 
in  September,  [46],  [47] — scarcity  of  Heliothis  armigera  in  cotton,  [46], 
[47] — its  preferred  food-plants,  [47]. 

APPENDIX  V. 

Cotton  caterpillars  in  Brazil.    By  John  C.  Branner [49] 

Historical  accounts  of  the  occurrence  of  cotton  caterpillars  in  Brazil, 
[49]~r^ll — influence  of  weather  on  the  appearance  and  abundance  of 
cotton  worms,  [51] — localities  in  which  worms  first  appear,  [51] — young 
cotton  plants  most  injured,  [51] — two  species  of  cotton  caterpillars  have 
been  confotfnded,  [52] — seasons  and  relative  abnndance  of  the  two,  [52] — 
duration  of  their  pupa  state,  [.52] — time  of  issue  of  moths,  [53] — number 
of  broods,  [53]7-enemies  of  the  caterpillars,  [53] — preventive  measures, 
[53] — losses  caused  by  caterpillars,  [53]-[54] — Heliotkia  armigera  scarcely 
known  to  attack  cotton  in  Brazil,  [54]. 

APPENDIX  VI. 

Report  of  Judge  William  J.  Jones [55] 

Obstacles  to  investigation  in  1880,  [55] — exemption  of  scattered  patches  of 
cotton  plants  from  depredation,  [55] — answers  to  questions  in  Circular 
No.  7,  [55]-[56]— cotton  killed  by  a  fungus,  [56]— application  of  poisons 
to  cotton,  [.56] — effect  of  poisons  upon  eggs  and  larvae,  [56] — no  other 
insects  observed  to  be  injurious,  [56] — use  of  lights  recommended  to  de- 
stroy moths,  [56]-[57]. 

APPENDIX  VII. 

Reports  of  consuls  and  consular  agents  on  the  cotton  crop  and  its 
enemies  in  Mexico,  Cenfral  and  South  America,  and  the  West 

Indies [59] 

Introduction,  [59]— circular  letter  of  inquiry,  [59] — replies:  from  Merida, 
Mexico,  [60] — from  Tampico,  Mexico,  [60] — from  Martinique,  W.  I.,  [60] — 
from  Trinidad,  W.  I.,  [61] — from  Manzanillo,  Mexico,  [61] — from  Mazat- 
Ian,  Mexico,  [62] — from  Bahia,  Brazil,  [63] — from  Maricaibo,  U.  8.  of  Co-  . 
lombia,  [64]— from  Vera  Cruz,  Mexico,  [65]— from  Pemambuco,  Brazil, 
[67] — from  Bogota,  U.  S.  of  Colombia,  [68]— Notes  on  insects  injurious  to 
the  cotton  plant  in  the  Republic  of  Mexico,  by  D.  H.  Strother,  U.  S.  con- 
sul-general, [70]. 

APPENDIX  VIII. 

Answers  to  Circular  No.  7 [71] 

From  D.  M.  Hamilton,  St.  Francisville,  West  Feliciana  Parish,  La.,  [71] 
— from  R.  A.  Lee,  Evergreen,  Ala.,  [73]— from  J.  M.  Wolkom,  Hender- 
son, Tex.,  [74]— from  P.  S.  Clarke,  Hempstead,  Waller  Co.,  Tex.,  [75] — 
from  L.  D.  Hoyt,  Livingston,  Sumter  Co.,  Ala.,  [77] — from  F.  S. 
Shields,  Lake  Concordia,  Concordia  Parish,  La.,  [79] — from  G.  £.  Gilles- 
pie, M.  D.,  Natchitoches,  La.,  [81] — from  H.  O.  Dixon,  Jackson,  Miss., 
[84]— from  F.  L.  Yoakum,  Larissa,  Cherokee  Co.,  Tex.,  [85] — from  O.  H. 
Perry,  Perry  Co.,  Ala.,  [86] — from  J.  W.  Grace,  Walterborough,  Colle- 
ton Co.,  S.  C,  [86] — from  F.  M.  McMeekiu,  Jamestown,  Alachua  Co., 


TABLE    OF   CONTENTS.  XIII 

AirswERS  TO  Circular  No.  7 — Continued. 

Fla.,  [87]— from  H.  P.  Bee,  San  Antonio,  Tex.,  [88],  [89]— from  E.  H. 
Anderson,  Kirkwood,  Miss.,  [90]— condensed  snmmary  of  the  habits  of 
the  worm,  from  Dr.  D.  L.  Phares,  Woodville,  Miss.,  [92]. 

NOTES [93] 

Note  1 [95] 

Hiibner's  description  of  Aleiia  argillaceay  with  translation,  [95]. 

Note  2 [95] 

Keaaons  for  rejecting  HUbner^s  description  of  Aletia  argillacea,  [95] — 
wherein  this  description  and  the  figures  differ  from  J.  x^Ztna,  [95] — doubts 
of  authors  concerning  J,  argillaeea,  [95]— search  for  the  type  of  J.  argil- 
Uoea,  [96] — condition  of  Sommer  collection,  [96] — how  specimens  of  A, 
xtfHna  are  labeled  therein,  [96]. 

Notes [96] 

No  published,  full,  and  accurate  description  of  the  earlier  states  of  A. 
xjfUna  extant,  [96] — Reprint  of  descriptive  portion  of  Dr.  C.  W.  Cai>er8' 
article  "On  the  Cotton  Caterpillar,"  [97]— history  of  ravages  of  A. 
xjfUma  prior  to  1828,  [97] — sudden  abandonment  of  cotton  plants,  [97] — 
his  description  of  moth,  [98] — egg,  [98]— larva,  [98]— smell  of  larva, 
[98] — habits,  [98]— food-plant,  [98] — pupation,  [98]- descriptionofpupa, 
[98] — remedies,  [99] — detailed  description  of  egg,  [99] — six  stages  of 
larva,  [99]— pupa,  [100]. 

Note  4 [100] 

Difference  in  structure  of  prolegs,  distinguishing  Aletia  atylina  from  AnomU 
texana,  [100]. 

Notes ! [100] 

Resemblance  of  larva  of  Plusia  dyaut  to  that  of  Aletia  xylina,  [100] — pro- 
portion of  light  and  dark  specimens  early  and  late  in  the  season,  [100]. 

Note  6 • [100] 

Cotton  leaves  blotched  by  young  larva  of  Spilosoma  acrea^  [100]. 

Note? [100] 

Larva  of  Aletia  xylina  fed  on  Ipomeea  commutataj  [100] — Abutilon  and  Phy- 
tolacca defoliated  by  different  larv®,  [100]— said  to  feed  on  "salve 
bush,"  [100]. 

Notes... [100] 

Structure  of  male  genitalia  of  Aleiia  xylina,  [100]. 

Note9 [101] 

Notice  of  Wm.  Trelease's  "  Nectar :  what  it  is  and  some  of  its  uses,"  [101] — 
telecdogy  and  dysteleology  of  nectar  glands  of  cotton  plant,  [101]. 

Note  10 [101] 

Sapidity  with  which  the  broods  of  A.  xylina  follow  one  another  in  mid- 
summer, [101] — time  of  first  appearance  of  worms,  [101] — number  of 
broods,  [101] — prolificacy  of  moth,  [101] — importance  of  natural  checks 
upon  its  increase,  [101]. 

NOTKll [101] 

Influence  of  winter  temperature  on  time  of  first  appearance  of  worms,  [101]. 

Note  12 [101] 

Theories  of  hibernation  of  A.  xylina,  [101] — proof  of  hibernation  of  moth, 
[102] — importance  of  this  proof,  [102]. 

Notts  13 [102] 

Influence  of  latitude  upon  time  of  hatching  of  insects,  [102]. 

Note  14 [102] 

Number  of  broods  of  A.  xylina  previously  recognized,  [102]. 


XIV  TABLE   OP   CONTENTS. 


Note  15 [1021 

Possible  food-plante  of  larva  of  A,  onylina,  [102]— there  must  be  some  be- 
sides cotton,  [102] — failure  to  find  any  other,  [102]— feeding  of  larva  of 
AnomiB  erosa  on  Urena  lohataf  [102] — value  of  fiber  of  U.  lohata,  [102] — 
geographical  distribution  of  U.  lobataj  [103] — egg^  and  larva  of  >4no)ni« 
erosa  distinguished  from  those  of  Alelia  xylinaj  [103] — examination  of 
malvaceous  plants  in  herbarium  of  U.  S.  Department  of  Agriculture, 
[103] — disadvantages  of  such  an  examination,  [103] — plants  on  which 
eggs  were  found  in  the  herbarium,  [103] — petition  for  aid  in  obtaining 
evidence  of  the  food-plant  of  ^.  xylina  In  the  more  northern  States,  [103] — 
list  of  malvaceous  plants  growing  in  these  States,  with  localities,  [103]. 

Note  16 [104] 

Description  of  larva  of  Aspila  viresoenSf  [104]. 

Note  17 •..  [104] 

Travels  of  £.  A.  Schwarz  in  1878  and  1879,  [104] — reference  to  published 
accounts  of  the  results  of  his  investigations  and  those  of  others  on  hiber- 
nation of  A.  xyhnaf  [104 J. 

Note  18 [104] 

Flatyhypena  ecahrCy  [104] — characters  of  larva,  [104] — food-plants  of  larva, 
[104] — pupation  and  hibernation,  [104] — characters  of  pupa,  [104]. 

Note  19 [104] 

Seasons  of  larva  of  Phoberia  aiomarU,  [104]. 

Note  20 [104] 

Criticism  of  paper  by  A.  R.  Grote  on  hibernation  of  A.  xylina^  [104] — Grote's 
arguments  against  hibernation,  based  on  experience  gained  in  the  same 
regions  which  furuish  arguments  against  the  theory  of  annual  immigra- 
tion, [105]— possibility  of  hibernation  admitted  by  Grote,  [105], 

Note  21 [106] 

Definition  of  northern  and  southern  portions  of  cotton  belt,  [105]. 

Note  22 [105] 

References  to  discussion  of  J.  P.  Stelle's  claim  to  have  first  reconmiended 
publicly  the  use  of  Paris  green  for  A,  xylina,  [105]. 

Note  23 [105] 

References  to  descriptions  and  figures  of  brush-sacs  of  moths,  [105]. 

Note  24 [105] 

Worms  worse  in  wet  weather  than  in  dry  because  more  protected  from  ene^ 
mies,  [105]— localities  of  first  appearance  of  worms  are  those  of  least 
molestation,  [105]. 

Note  25 [106] 

Appetite  of  swine  for  cotton  worms,  [106]— ^-worms  eaten  by  dogs  and  catsy 
[106]. 

Note  26 [106] 

Reference  to  list  of  birds  of  southern  States,  [106]. 

Note  27 [106] 

Range  of  English  sparrow  in  United  Slates,  [106] — in  hotter  portions  of  the 
country  it  is  confined  to  towns  and  villages,  [10<)]. 

Note  28 [106] 

Report  by  Dr.  Geo.  Marx  on  spiders  found  on  cotton,  [106] — preliminary 
list  of  spiders  which  destroy  insects  noxious  to  agriculture,  [106] — list  of 
spiders  observed  to  devour  larvae  of  Aletia  xylinay  [106] — how  they  cap- 
ture their  victims,  [106] — food  habits  of  Theridula  ephaerulaf  [107]— ob- 
servations on  habits  of  Oxyopca  viridanij  by  H.  G.  Hubbard,  [107]— ants 
captured  by  larvae  of  a  Ciciudela,  [107]. 

Note  29 [107] 

Description  of  imago  of  Trichogramma  pretiosa,  [107]. 


TABLE   OF  CONTENTS.  XV 

P»ge. 
Note  29a [107] 

Metamifwuir  n.  g.  and  M.  aleurodia  n.  sp.,  provisionally  named,  [107]. 

Note  30 [108] 

Description  of  imago  and  larra  of  Jpanielea  aletio!,  [108]. 

Note  31 .^. ||108] 

ApanteleB  aletue  parasited  hj  Eupelmus  sp.,  [106]. 

Note 32 [108] 

Description  of  imago  of  EupleetruB  oomtiochU,  [108]. 

Note  33 [108] 

Description  of  imago  of  EUiohUtus  eupleciri  n.  sp.,  [108]. 

Note  34 [109] 

Sarcophaga  Marraeenio!  distinct  from  8,  camariaf  [109] — points  of  difference 
between  the  Sarcophiigcs  of  America  and  Europe  generally,  [109] — addi- 
tional specific  characters  of  8.  sarraoenicSf  [109]. 

Note  35 [109] 

Description  of  imago  of  Tachina  aleti€B,  [109]. 

Note  36 [109] 

Description  of  imago  of  Tachina  fratemay  [109]. 

Note  37 [109 1 

Differences  between  Tachinid  larva  and  that  of  Sarcophaga,  [l09]-^iffer- 
ences  of  puparia,  [109] — ^reference  to  description  of  larva  of  Senometopia 
atropitora,  [110] — of  larva  and  pnpaof  TaMna  rillicay  [110] — description 
of  larva  and  paparinm  of  Sarcophaga  sarraoenicsj  [110]— -of  larva  of  Bel- 
vmtia  bifasciatay  [110]— difference  of  larva  of  B,  hifasciata  from  that  of 
Tachina  condnnataj  [110] — stmcture  of  spiracles  in  normal  form  of  Ta- 
chinid pnparium,  [110]— description  of  the  puparinm,  [110]— of  papa- 
rium  of  Beltoisia  hifasdata,  [111]. 

Note 38 [Ill] 

Synonymy  of  Cryptus  oanquiMitar,  [111] — C.  pleurivinotua  erroneously  given 
as  a  synonym  of  C.  annulicomiSf  [111]. 

Note  39 [HI] 

Synonymy  of  Crgpiua  samicBj  [111]. 

Note  40 [HI] 

Description  of  larva  and  pupa  of  ChalcU  ovaia,  [111]— list  of  lepidoptera 
parasited  by  Cft.oeato,  [111] — variations  in  size  of  imago,  [111]. 

Note  41 [Ill] 

Synonymy  of  Tetrastichus  esurua,  [111]— description  of  imago,  [111]. 

Nora  42 [HI] 

Description  of  imago  of  Hexapla*ta  zigzag,  [111] — difficulty  of  defining  the 
families  Chalddidw,  Prootoirupidas,  and  Cynipidas,  [112]— food  habits  of 
these  families,  [112]. 

Note  43 [112] 

Phora  dUtia  not  a  true  parasite,  [112]— habits  of  this  species,  [112]. 

Nora  44 [112] 

The  vast  majority  of.  the  moths  attracted  to  light  said  to  be  males,  [H2] — 
if  this  is  so,  the  usefulness  of  fires  and  lights  as  a  remedy  is  almost 
nothing,  [112]. 

Nora  45 [112] 

Antidotes  for  arsenical  poisoning,  [112]. 

Nora  46 [112] 

Non-fertilized  blossoms  destroyed  by  morning  showers  or  spraying,  [112] — 
when  to  make  wet  applications  of  poison,  [112]. 

Nora  47 , ,, [113] 

Test  of  purity  of  Paris  green,  [113]. 


XVI  TABLE   OF  CONTENTS. 

Pace. 

Note  48 [113] 

Proportions  of  Paris  green  mixtare,  [113]. 

NOTK49 [113] 

Effect  of  kerosene  and  kerosene  emnlsion  on  cotton  plants,  [113]. 

Note  50 [113] 

Pyrethrum  willemoti  probably  a  synonym  of  P.  roseum,  [113] — reference  to 
Willeinot's  paper  on  P.  willemoti^  [113]. 

Note  51 [113] 

Growth  of  productive  pyrethrum  industry  in  California,  [113]— effect  of 
pyrethrum  on  warm-blooded  animals,  [113] — pyrethrum  recommended 
as  a  disinfectant  and  germicide,  [113]. 

Note  52 [113] 

Cost  of  production  compared  with  price  of  pyrethrum,  [113]. 

Note  53 - [113] 

Enemies  of  Aletiaxylina  killed  by  poisoning  the  worms,  [113]. 

Note  54 [113] 

Positiveuess  with  which  various  plants  have  been  recommended  as  insecti- 
cides, [113]. 

Note  55 [114] 

Insects  injuring  dog  fennel,  [114]. 

Note  56 [114] 

Tests  of  spraying  machinery,  by  Dr.  W.  S.  Barnard,  [114]— difficulties  in 
the  use  of  machinery  in  irregularly-planted  fields,  [114] — means  of  over- 
coming these  difficulties,  [  114] — conveyances  for  underspray  ing  apparatus, 
[115] — management  of  apparatus,  [115] — rapidity  of  service,  [115] — 
quantity  of  poison  required,  [115]— success  of  stirrer-pump  device,  [115] — 
construction  of  stirrer-pump,  [115] — construction  of  nozzle-pipes,  [116] — 
adjustment  of  these  pipes,  [116]— success  of  eddy-chamber  nozzles, 
[116] — a  closed  system  of  pipes  advisable,  [116]— high  pressore  should 
always  be  used,  [117] — adjustment  of  descending  pipes,  [117] — ^flexile 
joints  recommended,  [117] — ad  vantages  of  flexile  pipes,  [117] — lifting  of 
descending  pipes  in  turning,  [118] — devices  for  lateral  shifting  of  pipes, 
[118] — summary  of  conclusions  from  experiments,  [118]. 

Note  57 [119] 

Recommendation  to  use  Paris  green  in  1872,  [119]— extract  from  report 
made  on  this  subject  by  J.  P.  Stelle,  In  1880,  [119] — comment  on  the 
same,  [120]. 

Note  58 [120] 

Description  of  imago  of  Jn<nni$  iexanUf  n.  sp.,  [120]. 

Note  59 [120] 

Description  of  egg  and  pupa  of  Drasteria  ereoktea,  [120]. 

Note  60 [121] 

Reprint  of  J.  W.  Boddie's  description,  in  1850,  of  imago  of  Phal€ieHa  tea 
(Heliothis  aitnigera),  [121]. 

Note  61 [121] 

Reprint  of  A.  R.  Grote's  description  of  HeltothtB  umbroauSf  [121]. 

Note  62. [121] 

Remarks  on  specimens  sent  from  Bahia,  by  R.  A.  Edes,  in  1880,  [121] — 
characters  of  egg,  larva,  and  pupa  of  Anamis  sp.,  [121] — insects  foond  in 
cotton  bolls,  [121]. 

Note  63 1121] 

Probably  MacroHla  rusiica  stated  to  feed  on  cotton,  [121]. 

Note  64 [121] 

LarvsB  of  Aletia  xylina  received*  from  Vera  Cruz,  [121]— re^urronce  of  cotton 
worms  at  irregular  periods,  [122]. 


LETTER  OF  SUBMITTAL. 


DEPABTMBNT  of  AaBIOULTUBB) 

Division  op  Entomolooy, 
Washington^  D.  C.^  March  IS,  1881 
Sib:  On  behalf  of  the  United  States  EntomoIoKioal  Oornniiaciloni  and 
in  aooonlanoe  with  the  act  of  Oongress,  approved  March  3, 1881,  which 
provides  that  the  reports  of  said  Commission  be  made  to  the  Oommis- 
flioner  of  Aghcnltnre,  I  have  the  honor  to  submit  this,  Its  fourth  report. 
Bespectfully, 

0.  V.  UILBY, 
Ohiiff  U.  flf.  ».  0. 
Hon.  GEOBaE  B.  LoBiNa, 
Commissianer  of  Agriculture. 


MEMBERS  OF  THE  COMMISSION. 

C.  v.  BILET,  Chief. 

A.  8.  PACKARD,  Seeretanf, 

CTBUS  THOMAS,  Dishuning  Agent. 


PREFACE. 


The  present  volume  is  the  fourth  of  the  reports  of  the  Oommissm, 
and  was  originally  designed  as  a  revised  edition  of  BoUetin  S,  and  a 
Anal  report  on  the  subject  of  the  Ootton  Worm.  A  single  chapter  has 
been  added  on  the  Boll  Wormy  becaase  of  the  importance  of  this  species, 
bat  other  insects  affecting  the  cotton  plant  are  only  treated  of  incident- 
ally. A  good  deal  of  material  has  been  collected  bearing  on  these  other 
insects  affecting  the  plant,  and  we  hope  some  day  to  ftnd  time  to  prepare 
it  for  publication.  Bat  all  work  except  that  on  the  two  principal  insects 
treated  of  in  this  report  has  been  considered  of  minor  importance,  the 
main  object  of  the  inquiry  being  as  ftill  and  accurate  knowledge  as  pos- 
sible respecting  those  two,  especially  in  reference  to  their  control  or 
ready  destruction  by  the  planter. 

The  sifting  of  truth  from  error ;  the  settiement  of  mooted  questions 
by  test  and  experiment;  the  discovery  of  previously  unknown  fiacts  and 
troths,  even  regarding  an  insect  like  the  Gotten  Worm,  require  an 
amount  of  labor  that  few  will  appreciate  who  have  not  experienced  the 
difficulties  involved ;  and  whatever  merit  this  report  may  have  is  due  to 
the  fact  that  the  author,  in  prosecuting  the  work,  has  eamestiy  sought 
to  get  at  the  exact  truth,  wherever  there  were  conflicting  views,  expe- 
riences, or  theories,  and  because  it  represents  a  very  considerable  amount 
of  original  research.  He  has  also  endeavored  to  bear  constantiy  in  mind 
that  the  chief  object  which  Oongress  had  in  ordering  the  investigation 
was  a  practical  one,  and  that  whatever  purely  entomological  knowledge 
was  acquired,  however  interesting  to  the  naturalist,  was  of  less  moment, 
unless  it  had  some  bearing  on  this  practical  phase  of  the  subject. 
Hence,  descriptive  matter  and  technical  discussions  are  for  the  most  part 
excluded  from  the  body  of  the  work  and  printed  at  the  end  of  the  vol- 
ome  in  a  series  of  notes  for  the  benefit  of  the  reader  who  may  be  inter- 
ested. Discoveries  made  in  pursuit  of  some  sx>ecial  object  often  sub- 
aerve  many  other  purposes  and  have  wide  application.  This  is  emi- 
nentiy  true  in  applied  entomology,  and  many  of  the  remedies  and  the 
devices  for  applying  them  that  have  resulted  from  this  Gotten  Worm 
investigation  are  of  great  use  against  many  other  species.  This  is  well 
Qlnstrated  in  the  modem  very  general  use  by  fleurmers  and  fruit-growers, 
in  all  parts  of  the  country,  of  pyrethrum  in  the  field,  of  petroleum  emul- 
sions, and  of  the  cyclone  spraying  nozzle,  all  of  which  have  had  their 
origin  in  this  investigation. 
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The  character  of  the  investigation  was  novel.  There  was  no  prece- 
dent to  guide  or  warn.  The  namber  of  persons  capable,  tljirough  experi- 
ence, of  intelligent  field  work  in  economic  entomology  was,  until  quite 
recently,  remarkably  small,  so  that  the  organization  of  the  force  to  as- 
sist in  the  work  was  largely  experimental  and  more  difScult  than  it 
would  have  been  had  trained  observers  been  at  command.  Under  these 
circumstances,  the  satisfactory  manner  in  which,  with  rare  exceptions, 
the  different  agents  have  performed  the  tasks  assigned  to  them  is  all 
the  more  to  be  commended.  Many  of  these  agents  fiave  been  employed 
for  but  a  limited  time  (about  three  months  a  year)  or  to  make  some 
special  observations  or  experiments,  and  the  results  of  their  labor  are 
either  incorporated  in  the  text  of  the  report  or  in  the  appendices.  Their 
work  will  also  be  found  acknowledged  in  the  introduction,  in  which  we 
have  endeavored  to  give  an  epitome  of  the  history  of  the  investigation 
as  well  aH  a  glance  at  the  contents  of  the  volume.  To  all  of  them,  and 
to  the  many  correspondents  who  have  so  willingly  and  generously  as- 
sisted, we  take  this  public  opportunity  of  tendering  our  sincere  thanks. 

To  those  who  have  been  more  permanently  associated  with  us  in  this 
work  we  desire  to  express  our  special  aeknowledgments  and  indebted- 
ness. Mr.  E.  A.  Schwarz,  from  Detroit,  Mich.,  has  assisted  from  the 
beginning  both  in  field  and  ofBce  work,  while  since  the  publication 
of  the  first  edition  Dr.  W.  8.  Barnard,  from  Cornell  University,  Ithaca, 
N.  Y.,  has  also  been  continuously  associated  with  us,  and  particularly  in 
that  phase  of  the  inquiry  pertaining  to  mechanical  appliances.  Mr.  H. 
G.  Hubbard,  of  Detroit,  Mich.,  Mr.  William  H.  Patton,  of  Waterbury, 
Conn.,  Prof.  R.  W.  Jones,  of  the  State  University,  Oxford,  Miss.,  Judge 
L.  O.  Johnson,  of  Holly  Springs,  Miss.,  Prof.  J.  E.  Willet,  of  Mercer 
University,  Macon,  Ga.,  Judge  J.  F.  Bailey,  of  Marion,  Ala.,  Judge  W. 
J.  Jones,  of  Virginia  Point,  Tex.,  Prof.  B.  A.  Smith,  of  the  State  Uni- 
versity, Tuscaloosa,  Ala.,  Dr.  E.  H.  Anderson,  of  Canton,  Miss.,  Mr. 
James  Boane,  of  Washington,  and  Dr.  J.  C.  Neal,  of  Archer,  Fla.,  all 
deserve  special  acknowledgment. 

In  addition  to  tl^e  observers  mentioned,  we  are  indebted  to  Prof.  E. 
W.  Hilgard,  of  the  University  of  California  and  special  census  agent, 
for  permission  to  use,  in  the  preparation  of  Professor  Smith's  chapter 
and  in  advance  of  publication,  the  notes  and  observations  made  by 
himself  and  other  special  agents,  while  collecting  the  materials  for  his 
Eeport  on  Cotton  Production  in  the  United  States.  Mr.  E.  S.  Burgess 
and  Dr.  C.  S.  Minot,  of  Boston,  deserve  our  thanks  for  their  services  in 
the  preparation  of  Chapter  Y,  and  Dr.  J.  C.  Branner  and  Mr.  Albert 
Koebele  for  their  work  in  Brazil. 

Last,  but  not  least,  we  would  express  our  indebtedness  to  those  of  our 
office  assistants  who  have  in  any  way  contributed  to  the  report :  Mr. 
L.  O.  Howard  for  general  assistance  in  the  preparation  of  the  report, 
Mr.  Theo.  Pergande  for  care  in  the  breeding  of  the  insects  consigned 
to  him,  and  Mr.  B.  P.  Mann  for  derioal  aid,  especially  in  the  prepara- 
tion of  the  index. 
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The  colored  plates  illnstrating  the  report  were  either  drawn  by  the 
writer  or  by  Miss  LiUie  Sullivan  under  his  immediate  direction.  Plate 
ly  is  reproduced  from  Glover's  copper-plate  etchings ;  Plates  YI  to  XI 
were  drawn  by  Messrs.  Burgess  and  Minot  &om  material  furnished  for 
the  purpose ;  Plates  XIY  to  LXI  were  either  adapted  from  patent  draw- 
ings or  photographs,  or  were  drawn  by  Dr.  Barnard  or  by  us  either 
from  the  original  machinery  or  from  photographs  thereof;  Plate  LXII 
is  made  up  from  drawings  of  our  own,  and  Plates  LXIIl  and  LXIY 

were  drawn  by  Dr.  George  Marx. 

0.  V.  E. 
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IDie  ofidal  Ootton  Worm  investigation,  of  which  this  is  the  final  re- 
port, was  began  In  the  spring  of  the  year  1878,  Congress  at  that  time 
having  appropriated  the  snm  of  $5,000  to  be  expended  for  the  porpose 
0f  saeh  an  investigation  under  oar  direction  as  entomologist  of  the 
United  States  Department  of  Agricoltare.  The  results  of  the  first 
oine  months  of  the  investigation  are  summed  up  in  the  following  quo- 
tadODs  from  our  report  as  United  States  Entomologist  for  the  year  1878. 
The  quotation  also  includes  the  first  circular  issued  in  the  progress  of 
tte  investigation : 

INSECTS  AFFBCTINa  THE  COTTON  PLANT. 

Pnnoftni  to  an  appropriatioii  by  the  last  Congiesa  for  the  pniposey  and  in  aooordanoe 
with  yoar  instraotionBy  I  have  oarried  on  a  special  inyestigation  of  the  insects  i^jnri- 
ooa  to  the  ootton  plant.    The  commission  of  inqniry  was  organised  by  the  appoint- 
owDt  of  the  foUowing  gentlemen :  As  special  agents,  Profl  J.  H.  Comstock,  of  Ithaca, 
V.  T^  whose  position  as  professor  of  entomology  in  ComeU  UniTersity  and  whose  ex- 
perience with  insects  i^Jniions  to  vegetation  had  well  fitted  him  for  snch  labor ;  and 
Ptofl  A.  R.  Grote,  of  Buffalo,  N.  T.,  whom  aresidenoe  of  seyeral  years  at  Demopolis, 
Ak.,  and  a  special  study  of  the  Cotton  Worm,  had  also  well  prepared  for  the  inquiry. 
Ab  local  agents  and  observers :  Dr.  £.  H.  Anderson,  of  Eirkwood,  Miss.;  William  J. 
Jones,  of  Virginia  Point,  Tex.;  Prof.  J.E.  Willet,  of  Macon,  Ga.;  and  Prof.  Eugene 
A  Smith,  of  Tuscaloosa,  Ala.    Mr.  £.  A.  Schwarz,  of  Detroit,  Mich.,  has  also  been 
engaged  during  the  winter  to  visit  all  the  Southern  States  and  the  West  India  islands, 
with  a  special  view  of  getting  at  the  facts  of  hibernation.    To  Professor  Comstock  was 
SMigned  the  cotton  region  of  Arkansas  and  Tennessee  and  of  Mississippi  and  Alabama 
north  of  Vicksburg  and  Meridian  and  the  Alabama  Central  Bailroad ;  to  Mr.  Grote 
that  of  Florida  and  Georgia  and  of  Alabama  south  of  the  railroad  mentioned ;  while, 
with  the  assistance  of  the  local  observers,  I  have  myself  given  more  especial  attention 
to  the  extremities  of  the  belt,  viz :  Texas,  Louisiana,  Southern  Mississippi,  and  the 
Carolinas. 

The  following  circular-letter  was  prepared  for  the  use  of  agents,  and  distributed, 
vith  corresponding  blanks,  to  correspondents  in  the  cotton  belt.  It  will  explain  the 
loope  of  the  inqniry : 

Department  of  Aobiculturb, 

WoMngton.D,  C,  July  SSI,  1878. 

Sis:  The  entomologist  of  the  department  having  prepared  a  series  of  inquiries  for 
the  special  scientific  observers  to  whom  has  been  assigned  the  duty  of  studying  the 
histoiy  and  depredation  of  the  worm  known  as  Aletia  ar^llacea,  as  well  as  other  in- 
sects which  izgore  the  cotton  plant,  I  have  caused  copies  of  these  circulars  to  be 
printed  and  sent  yon,  in  hope  that  you  may  feel  interest  enough  in  the  subject  to 

make  report  thereon.  

xxm 


XXTV  INTRODlTCTION. 

Shodld  yon  do  bo,  please  observe  carefully  the  following  snggestionH : 
Write  only  on  one  side  of  the  paper  blanks  sent;  and,  if  more  room  is  desired  to 
answer  fnlly,  write  on  another  sheet,  numbering  and  lettering  to  correspond  with 
letter  and  number  of  question. 

If  any  special  joints  arise  before  the  termination  of  the  season,  please  oommoni- 
cate  freely,  marking  your  envelope  <<  cotton  insects.'' 
Respectfully,  &c., 

WM.  G.  L£  DUC«  CkmmiuUmmr, 

THE  COTTON  WORM. 

• 

This  insect  (Aletia  argillaeea,*  Htibn.)  will  natnraUy  receive  most  attention,  being, 
as  it  is,  by  far  the  most  injurious  of  the  different  enemies  of  the  cotton  plant.  Data 
are  requested  on*  all  the  following  topics : 

PAST  HIBTOBT  OF  THE  COTTON  WOBM. 

1.  Give,  80  far  as  you  can  from  trustworthy  records,  the  earliest  year  in  which  cot- 
ton was  grown  in  your  State,  county,  or  locality. 

la.  During  what  year  (exact  or  approximate)  did  the  worm  first  make  its  appear- 
ance in  your  locality,  and,  as  far  as  you  are  aware,  in  the  State ;  in  other  words,  how 
many  years  elapsed  after  cotton  first  began  to  be  grown  before  the  worm  began  to 
work  upon  it  f 

1&.  Specify  the  years  when  it  has  been  unusually  abundant  and  destmctive. 

INFLUENCE  OF  THE  WEATHER  ON  THE  INSECT. 

2.  State  what  you  know  from  experience  of  the  effects  of  weather  on  the  insect,  and 
more  particularly — 

2a.  The  character  of  seasons  most  favorable  to  its  increase. 

2&.  The  character  of  the  summer  and  winter — whether  wet  or  dry,  mild  or  severe^ 
that  have  preceded  years  in  which  the  worm  has  been  abundant  and  destmctive. 
2o.  Do  wet  summers  favor  its  multiplication  f 
2d.  Effects  of  different  kinds  of  weather  on  the  eggs. 
2a.  Effects  of  different  kinds  of  weather  on  the  moths. 
2/.  Month  of  year  when  greatest  injury  is  done. 

STATISTICS  OF  LOSSES. 

3.  Give,  as  correctly  as  you  can,  estimates  of  the  loss  to  the  crop  in  yonr  oonnty  and 
State  during  notable  cotton- worm  years. 

MIGRATION  OF  THE  MOTHS. 

It  is  a  well-established  fact  that  the  parent  moth  of  the  Cotton  Worm  is  often  found 
in  autumn  many  hundred  miles  away  from  the  cotton  belt,  and  there  is  no  reason  to 
doubt  that  it  is  often  carried  by  favorable  winds  to  northward  regions,  where  it 
cannot  perpetuate  its  species  and  must  therefore  perish.  Mr.  A.  R.  Grote  and  others 
even  believe  that  the  species  perishes  each  year  with  the  plant,  and  that  the  moUi 
always  comes  into  the  cotton  States  from  more  southern  countries,  where  the  cotton 
plant  is  perennial ;  in  other  words,  that  the  moth  is  habitually  misratory,  and  cannot 
survive  the  winter  in  the  great  cotton  regions  of  the  States.  While  there  are  many 
fkcts  that  lend  weight  to  this  theory,  there  is  also  much  to  be  said  against  It ;  and 
we  desire  to  collect  all  facts  that  in  any  way  bear  on  the  question,  while  we  hope 
to  get  much  valuable  information  on  this  head  from  the  Signal  Bureau,  we  also  ask 
for  the  experience  of  correspondents. 

4.  Please  state,  therefore,  as  nearly  as  you  can  fh>m  the  records,  the  prevaiUn^  direc- 
tion and  force  of  the  wind  in  your  locality,  first, 

4a.  In  the  month  of  February ;  second, 

Ah.  In  the  month  of  March ;  tnird, 

4o.  In  the  month  of  April ;  fourth. 

Ad,  In  the  month  of  May ;  fifth, 

Ae.  In  the  month  of  June  |  sixth, 

if.  Whether,  in  your  opinion,  there  are  winds  firom  the  south  that  are  enflloientiy 
strong  and  constant  to  counteract  the  prevailiug  trade- winds,  which  are  toward  tito 
equator. 

*The  NoctM  x^Una  of  Say. 
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4c.  The  prevailiog  direction  of  the  wind  from  July  till  frostt 
A,  The  side  of  a  field  on  which  the  worms  first  begin  to  work. 
4i.  Do  local  topographical  features  inflaence  the  extent  of  the  worm's  ravages  f 
4;.  Does  or  can  the  worm  feed  npon  any  other  plant  than  cotton,  and  hare  yon 
ever  known  it  to  do  so  f 

HABITS  AND  NATURAL  HIBTOBY. 

These  have  already  been  studied,  and  are  pretty  well  known ;  bat  experience  will 
differ  somewhat  with  locality,  and  we  call  attention  to  the  following  topics : 

5.  State  the  time  when  the  first  mot^s  are  noticed  in  yonr  locality. 
5a.  Date  when  the  first  worms  have  been  noticed  in  past  years. 

56.  Date  when  the  last  worms  have  been  seen  in  past  years,  or  were  noticed  the 
piesent  year. 

5e.  Number  of  broods  or  generations  of  the  worms  generally  prodnoed. 

5d.  In  what  other  situations  besides  the  folded  cotton  leaves  have  yon  known  the 
woims  to  spin  f 

50.  Have  you  ever  known  the  chrysalis  to  survive  a  frost,  or  to  be  found  in  sound 
and  healthy  condition  in  winter? 

5/.  Have  yon  ever  found  the  moth  hibernating  or  fiying  during  mild  winter  weather? 

bg.  How  late  in  the  spring  has  the  moth  been  found  alive  ? 

NATURAL  ENEMIES. 

It  is  a  little  aingiilar  that  no  enemies  of  the  Cotton  Worm  have  hitherto  been  re- 
ported. That  the  insect  has  its  enemies,  both  special  and  general,  there  can  be  little 
doubt,  and  we  would  ask  particular  attention  to  the  following  topics: 

6.  Aie  any  birds,  quadrupeds,  or  reptiles  known  to  attack  the  insect  in  your  locality  ? 
6a.  Are  any  predaceous  insects  or  parasites  known  to  prey  upon  it,  either  in  the  egg, 

larra,  or  chrysalis  state? 

BBIIEDIBS  AND  METHODS  OF  DESTRUCTION. 

7.  What  has  been  the  result  of  the  efforts  to  allure  and  destrov  the  moths,  and  what 
methods  have  proved  most  satisfactory  ?  Give  your  estimate  of  the  relative  value  for 
this  purpose  of  poisoned  sugar,  molasses  and  vinegar,  and  fires. 

7a.  Are  the  moths  most  attracted  to  sweetened  substances  when  smeared  onto 
trees,  boards,  Ac,  or  when  contained  in  vessels  in  or  near  which  lamps  may  be 
lighted? 

7>.  Are  any  flowers  known  to  be  attractive  to  the  moth  ?  If  so,  specify  them  and 
their  season  of  blooming. 

7e.  What  do  you  know  of  your  own  observation  of  the  influence  of  Jute  grown  near 
or  with  the  cotton  ? 

7d.  Has  any  efibrt  been  made  to  destrov  the  moth  in  its  winter  quarters  ? 

7e.  Have  any  systematic  and  organized  attempts  been  made  to  sather  and  destroy 
the  chrysalides,  or  to  facilitate  their  collection  and  destruction  by  nimishing  inviting 
material  for  the  worms  to  spin  up  in  ? 

If.  What  has  been  done  towara  destroying  the  eggs  ? 

7g.  Has  anything  l>een  found  Inore  generally  usefol  and  applicable  or  cheaper  than 
the  use  of  the  Paris  green  mixture  to  destroy  the  worms  ? 

7h.  Have  you  known  of  any  ii\|arious  effects  following  the  use  of  this  poison,  either 
to  the  plant,  to  man,  or  to  animals  ? 

7i.  State  what  you  consider  the  best  and  most  effective  method  of  destroying  them 
in  your  section. 

Tf.  State  the  cost  per  acre  of  protecting  a  crop  by  the  best  means  employed. 

VFe  tkall  be  glad  to  receive  figures^  either  pKotographe  or  drawinge,  of  marines  or  con- 
trieamoee  emplogedfor  the  whoteiale  use  of  the  Paris  green  mixture,  either  in  the  fluid  state  or 
M  a  powder  ;  or  any  other  kinds  of  machines  or  traps  employed  for  the  destruction  of  the  in- 
sect. Models  of  such  are  still  more  desirable,  and  may  be  sent  by  express  unpaid  to  the  de- 
pariment. 

OTHEB  COTTON  INSECTS. 

There  are  many  other  insects  that  attack  and  do  more  or  less  injury  to  the  cotton 
plant,  liany  oi  these  have  been  figured  and  referred  to  by  the  former  entomologist 
to  the  department,  Mr.  Townend  Glover,  but  there  is  much  yet  to  learn  of  their 
habits  and  natural  history  and  of  the  best  means  of  subduing  them.  Specimens  of 
all  insects  that  may  be  found  upon  the  plant  are,  therefore,  earnestly  solicited,  with 
aeoonnts  of  their  work  and  habits  and  the  amount  of  ii\juiy  they^  do.  These  speci- 
mens are  best  sent  by  mail,  in  tight  tin  or  wooden  boxes.    If  living  (and  all  found 
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feeding  on  the  plant  skonld  thas  be  sent)  a  supply  of  food  should  be  Inclosed  with 
them ;  if  first  killed,  they  should  be  caiefnlly  packed  in  a  little  cotton,  to  prevent 
ehaking  and  breaking. 

CarreapandenU  wko  deiire  to  make  snMoiol  obHrtatUma  wiik  a  view  of  rfpljfkig  to  tMt 
cireular,  and  who  with  further  i^formaUon  as  to  the  heei  maimer  ofpreeerving  fpeoimau, 
will  receive  aaeistanoe  and  further  inetruoHone  upon  communi4Miing  with  the  department, 

CHAS.  V.  RILEY, 
EntomoloffUt 

Two  cironmstanoes  hare  somewhat  interfered  with  the  inquiry,  viz,  the  yellow  fever 
and  the  general  freedom  of  the  plant  from  the  Cotton  Worm,  the  serious  injuries  of 
this  last  having  been  restricted  to  the  cane-brake  regions  of  Alabama  and  to  the 
southwest  counties  of  Georgia,  especially  the  country  between  the  forks  of  the  Flint 
and  Chattahoooh^  Rivers — ^the  more  malarious  portions  of  either  State.  Its  appear- 
anoe  in  injurious  numbers,  both  here  and  in  South  Texas,  was  from  four  to  six  weeks 
later  than  usual,  and  this  was  one  cause  of  the  small  amount  of  injury  done.  The 
weather  at  the  time  of  their  greatest  abundance  was  wet  and  interfered  with  the  ap- 
plication of  remedies. 

Professor  Comstock's  observations  were  chiefly  confined  to  that  fertile  cotton-grow- 
ing region  along  the  line  of  the  Alabama  Central  Railroad,  known  as  the  **  cane-brake.'' 
He  reached  Selma  July  20.  There  he  met  many  prominent  planters,  and  from  them 
collected  important  statistics  respecting  the  occurrence  of  the  Cotton  Worm  and  the 
results  of  experiments  in  the  use  of  remedies  for  this  species.  July  23  he  began  his 
field  observations  near  TTniontown,  Perry  County,  and  from  that  time  on,  till  the  mid- 
dle of  October,  he  was  constantly  engaged  in  studying  the  habits  of  cotton  insects  on 
plantations  in  Dallas,  Perry,  Hale,  and  Marengo  Counti  es.  His  only  absence  from  this 
region  was  fh>m  August  10  to  August  15,  when  I  directed  him  to  make  a  trip  through 
the  State  northward  as  far  as  Madison  County,  where  much  cotton  is  grown.  Profes- 
sor Comstock  has  prepared  a  fhll  and  valuable  report,  which  will  be  incorporated  in 
the  final  report  of  the  investigation. 

Professor  Orote's  operations  will  appear  by  the  following  extract  fh>m  a  brief  report 
submitted. 

''Sir:  In  accordance  with  your  favor  of  July  18,  in  which  you  directed  me  to  visit 
the  States  of  Georgia  and  Florida  for  the  purpose  of  making  observations  on  the  in- 
sects injurious  to  the  cotton  plant,  I  proceeded  to  Savannah  and  during  the  following 
month  of  August  made  examinations  of  cotton  fields  at  different  points  between  Sa- 
vannah and  Atlanta.  Having  charsed  me  especially  with  that  pbase  of  the  cotton- 
worm  inquiry  which  comes  under  the  head  of  migrations,  I  directed  my  chief  atten- 
tion to  making  observations  and  collecting  information  on  the  appearance  and  move- 
ments of  the  Cotton  Worm  (Aletia  argillaoea). 

**A  careful  survey  of  the  plantation  of  Dr.  Lawton,  near  Savannah,  from  August  1 
to  August  7,  and  the  cotton  patches  in  the  vicinity  convinced  me  that  the  worm  had 
not  then  appeared.  The  statements  made  to  me  were  to  the  effect  that  its  earliest 
appearance  was  usually  to  be  looked  for  about  the  middle  of  the  month.  Henry  Gaa- 
ton,  engaged  in  planting  cotton  for  nearly  twenty  years,  said  that  the  first  brood  of 
worms  web  up  about  the  middle  to  the  latter  part  of  August,  giving  a  second  brood 
in  September.  The  worm  was  first  noticed  in  the  stronger  cotton  on  the  bottom 
lands.  *  *  *  He  had  observed  the  moth  before  the  appearance  of  the  worm,  but 
had  never  noticed  it  in  the  early  spring. 

''This  testimony  is  given  as  a  sample  of  the  information  collected  fh>m  various  in- 
dividuals. While  August  seems  to  be  the  usual  time  for  the  appearance  of  the  worm 
on  the  mainland  on  the  coast  of  Georgia,  in  the  neighborhood  of  Savannah,  the  testi- 
mouv  of  Dr.  J.  S.  Lawton,  on  the  sea  islands  off  tlie  coast  of  South  Carolina  to  the 
nortnward  of  Savannah,  is  to  tho  effect  that  the  worm  appears  sometimes  as  early  as 
July  and  is  then  usually  excessively  injurious  to  the  long-staple  cottons. 

"  In  Southwestern  Georcia  the  worm  is  noticed  as  early  as  the  last  week  in  June  in 
some  years,  and  the  main  damage  inflicted  in  the  State  seems  to  come  from  this  ouar- 
ter.  The  wonn  occurs  there  every  year,  though  the  date  at  which  it  is  noticea  va- 
ries. The  question  whether  the  so-called  '  bro^'  is  the  first  appearance  of  the  worm 
in  any  quarter  has  been  raised  by  yourself,  and  is  one  which  I  hope  to  be  able  to  pay 
dose  attention  in  the  spring. 

"  For  the  present  we  must  accept  the  testimony  that  the  worm  seems  to  advance 
from  Southwest  Georgia  over  the  western  and  occasionally  over  the  central  portion 
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the  State.  It  seems  to  oome  from  Decatur  to  Baker,  Calhonn,  Dougherty,  and  Lee 
ontiee.  According  to  sresent  testimony  its  appearance  is  not  simnltaneons  oyer 
IS  section  of  the  State,  the  southern  portions  being  first  visited. 

*  From  testimony  collected  by  myself  in  Athens,  on  the  occasion  of  the  meeting  of 
B  Agricultural  S>»ciety  of  Georgia,  the  following  counties  are  visited  by  the  Cotton 
orm  every  year,  though  the  exact  Ime  is  not,  according  to  testimony,  the  same : 
Jhonn,  Decatur,  Dougherty,  Lee,  Mason,  Schley,  Taylor. 

"  Counties  in  which  tne  worm  is  not  noticed  every  year  are :  Burke,  Clarke,  Fulton, 
»ene,  Hancock,  Jones,  Monroe,  Putnam,  Bichmond. 

"  It  will  be  seen  that  the  central  portion  of  the  State  is  less  subject  to  the  devasta- 
m  of  the  Cotton  Worm  than  the  southwestern  and  western.  •  *  • 
'*  I  received  in  November,  1878,  firesh  instructions  from  yon  to  proceed  to  Georgia 
r  the  purpose  of  ascertaining  whether  I  could  find  eggs  from  the  last  moths  on  any 
irtlon  of  the  plant,  and  any  facts  bearing  on  the  hibernation  of  the  moth.  On  the 
antations  near  Savannah  I  found  that  the  worm  was  first  noticed  tha  current  year 
I  September  4.  I  found  a  large  number  of  the  chrysalides  yet  on  the  plant  on  No- 
sober  10  to  25.  The  nights  were  frosty  and  the  leaf  witherod  and  scant.  In  places 
idtered  by  trees  the  leaf  was  still  green,  and  here  I  found  (November  16)  a  few  cater- 
Uars  not  yet  spun  up.  A  large  number  of  the  chrysalides  were  empty ;  about  40 
ir  cent,  contained  parasites.  Less  than  a  quarter  of  the  chrysalides  contidned  the 
udeveloped  moth. 

**  Under  your  instructions  I  have  visited  the  Georgia  sea-islands  during  the  end 
f  November  and  beginning  of  December.  I  found  that  the  worm  had  appeared  this 
isr  in  September  as  on  the  mainland,  but  later  in  the  month.  It  had.  also,  not 
mad,  and  had  attacked  certain  comers  of  the  fields,  where  I  now  found  tne  chrysa- 
ies^  None  of  these  contained  undeveloped  moths,  but  they  were  either  empty  or 
hneumonized.    There  had  been  no  seconoi  brood  of  worms  on  the  islands,  according 

•  testimony  collected  bv  me,  and  which  was  borne  out  by  my  own  observations. 
^As  the  result  of  my  late  observations  I  may  say  that  the  fact  is  confirmed  that 
IS  Cotton  Worm  passes  the  winter,  when  it  survives  at  all,  as  a  moth,  and  that  the 
St  taXl  worms  do  not  leave  the  plant  to  web  up.  The  full  history  of  the  worm  in 
eoma  can  be  made  out  when  the  country  is  fdUy  en»lored  in  the  spring  and  before 
M  mst  appearance  of  the  worm  in  numbers.  It  will  then  be  made  clear  where  the 
nt  laige  numbers  of  the  worm  come  from;  whether  they  are  the  results  of  fresh  in- 
isions  of  the  moth  or  the  product  of  a  first  generation  from  eggs  of  hibernating  indi- 
idnals. 

'*  Under  your  intelligent  supervision  of  the  inouiry,  and  with  the  facilities  which 
m  poesees  from  different  sections  of  the  South,  t  have  no  doubt  that  this  important 
stter  will  receive  final  and  full  elucidation. 

''Hv  thanks  are  due  to  Mr.  Z.  Baners,  of  Saint  Catherine's  Island ;  Dr.  W.  S.  Law- 
n,  of  Savannah;  Messrs.  T.  G.  Holt,  ot  Macon,  Ga.;  J.  £.  Bed  wine,  Hull  County, 
wrsia ;  £.  C.  Grier,  Griswoldville,  Jones  County ;  J.  Pinckney  Thomas,  Waynes 
tuf^Borke  County,  Georgia;  State  Geologist  George  A.  Little,  of  Atlanta,  Ga.,  and 
hers,  who  have  assisted  me  in  my  work. 

"  Yours,  respectfully, 

I  '*A.  B.  GBOTE. 

•*Pro£:  C.  V.  BiLET, 

'*Bmtomologitif  Vepartrnmni  JgriouUure,^' 

Starting  south  myself  the  latter  part  of  August,  I  passed  through  Tennessee  to 
itchell  County,  in  Southwest  Georgia,  and  thence,  during  September,  through  the 
tton  sections  of  the  southeastern  part  of  that  State  and  of  the  Carolines  and  Vir- 
ua.  I  was  at  this  time  made  painfully  aware  of  the  hindering  effects  of  the  yellow 
vet.  One  can  scarcely  conceive  of  the  panic  and  excitement  that  prevailed,  even  in 
iB^ons  where  there  was  little  or  no  danger.  But  a  few  weeks  before  in  the  thicker 
•tton  oounties  of  Alabama  and  Georgia  the  prevailing  topic  of  conversation,  as  I 
uned,  was  the  work  of  the  Cotton  Worm.  At  the  time  of  my  visit  its  injuries  were 
rgotten  in  the  all-absorbing  subject  of  the  epidemic.  Cotton  fields  were  neglected, 
id  in  sight  of  acres  of  stripped  and  spindling  stalks  one  heard  but  the  universal 
frsin— yellow  fever,  yellow  fever.  It  seriously  interfered  with  my  own  plans,  and 
^liged  me  to  avoid  the  very  Mississippi  cotton  fields  which  I  desired  most  to  visit. 
Notwithstanding  this  serious  drawback  to  the  present  year's  operations,  much  that 
valuable  and  important  has  been  learned.    *    •    • 

In  fiMst,  our  chief  efforts  daring  this  first  year  as  United  States  Ento- 
lOlogiBt  were  devoted  to  this  investigation,  and  a  large  amount  of  mate> 
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rial  had  been  accumulated  for  a  special  report  on%he  subject,  of  which 
Congress  ordered  (March  3, 1879)  10,000  copies  to  be  published.  In  the 
spring  of  1879  the  investigation  was,  by  act  of  Congress,  transferred 
from  this  department  to  the  United  States  Entomological  Commission, 
which  was  then  under  the  Interior  Department.  Owing  to  difficulties 
which  grew  out  of  this  action,  we  resigned  the  position  of  entomologist 
to  the  Department  of  Agriculture,  under  Commissioner  Le  Due,  to  take 
effect  May  1, 1879,  and  at  the  next  formal  meeting  of  the  Commission, 
in  subdividing  the  labors  of  its  members,  this  cotton-insect  work  was 
assigned  to  the  writer.  He  has,  therefore,  had  entire  charge  of  the  same, 
and  is  alone  responsible  for  the  work  and  for  this  report. 

The  historic  facts  just  related  have  no  interest  here  except  as  they 
necessarily  bear  on  the  investigation,  which  Congress  evidently  in- 
tended to  be  continued  under  the  same  direction  as  that  under  which 
it  had  been  instituted.  But,  as  we  have  just  seen,  a  special  report 
on  the  subject  under  the  Department  of  Agriculture  had  been  ordered. 
Under  these  circumstances  it  became  very  desirable  not  only  that  the 
work  we  had  done  on  that  report  should  be  properly  brought  to  a  close, 
but  that  there  should  be  no  duplication  of  work  subsequently  and  no 
conflict  between  the  Department  and  the  Commission.  We  left  the 
Department  with  the  hope  that  such  would  be  the  case,  and  in  the 
appointment  of  Prof.  J.  H.  Comstock  as  our  successor  we  anticipated 
the  realization  of  our  hopes,  not  only  because  of  his  assurances  to  that 
effect  and  to  the  effect  that  those  who  had  been  associated  with  us  in 
the  office  and  were  familiar  with  the  work  and  our  plans  should  be 
retained,  but  because  he  himself  had  done  the  most  efficient  field  work 
as  one  of  our  assistants  and  was  well  qualified  to  complete  the  report. 
However  much  we  may  regret  that  those  hopes  were  subsequently  not 
realized,  or  deplore  the  subsequent  action  of  the  Department  in  ac- 
tively continuing  this  special  investigation  and  in  opposing  the  Com- 
mission, it  is  sufficient,  in  this  connection,  merely  to  mention  the  facts. 

Preparations  were  made,  In  accordance  with  the  law,  to  continue  the 
work  under  the  Commission  after  July  1, 1879.  The  following  circular 
was  sent  to  correspondents : 

[CironJArKo.  7.] 
RELATINQ  TO  THE  COTTON  WORM. 

Dkpajitment  of  the  Intbrior, 
Office  of  tux  U.  S.  Entomological  CommissioNi 

Mr, : 

DsAB  Sib  :  The  ondenigned  has  for  many  yeans  keenly  felt  that  there  was  great 
need  of  more  accurate  knowledge  of  the  habits  of  the  Cotton  Worm  {dleiia  argUlasea) 
and  of  the  other  insects  iigarioasly  affecting  the  cotton  plant,  as  also  of  more  satisfiM)- 
tory  means  of  counteracting  their  ii^uries.  Recognizing  the  vast  importance  of  the 
■alject  to  the  people  of  the  South,  one  of  his  first  efforts,  after  accepting  the  position 
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of  entomologist  to  the  Department  of  Agricnltnie,  in  May,  1878,  was  to  commence  a 
special  investigation  looking  to  those  ends. 

An  appropriation  to  the  Department  was  obtained  for  the  purpose,  and  the  investi- 
gation was  carried  on  onder  his  direction  ap  to  the  time  of  his  resignation,  on  the  flist 
of  May  last.  Since  that  time  Congress  has  required  the  United  States  Entomological 
Commission  to  continue  the  work,  and  said  Commission,  at  a  lato  meeting,  decided  to 
place  this  part  of  its  work  in  his  charge.  On  behalf  of  the  Commission,  he  would, 
therefore,  call  the  attention  of  correspondents  to  the  following  questions  and  topics, 
▼ith  the  reqnest  that  answers  thereto,  or  experience  thereon,  be  returned  to  him  some 
tune  before  October  next. 

Some  correspondents  whom  this  circnlar  will  reach  may  already  have  answered  a 
more  detailed  one,  sent  out  last  year  by  the  writer  while  connected  with  the  Depart- 
meot  of  Agriculture.  He  would  beg  such  to  again  give  their  experience  on  the  fewer 
topics  of  the  present  circular. 

He  will  be  glad  to  receive  figures,  either  photographs  or  drawings,  of  machines  or 
contrivances  employed  for  the  wholesale  use  of  the  Paris-green  mixture,  either  in  the 
fluid  state  or  as  a  powder ;  or  any  other  kinds  of  machines  or  traps  employed  for  the 
destruction  of  the  insect.  Models  of  such  are  still  more  desirable,  and  may  be  sent  by 
express,  unpaid,  to  the  headquarters  of  the  Commission.  Correspondence  is  solicited 
whenever  any  expense  must  attend  the  carrying  out  of  these  requests,  in  order  that  au- 
thority may  be  given  to  make  the  necessary  outlay  and  thus  insure  the  refunding  of 
the  amount. 

BespectfuUy, 

CHA8.  V.  BILET, 

Chief  U,  8.  E,  C. 

1.  Daring  what  year  was  cotton  first  grown  in  your  State,  county,  or  locality  f 

2.  How  many  years  elapsed  after  cotton  first  began  to  be  grown  before  the  wonn 
began  to  work  upon  it  f 

3.  Is  the  worm  most  dreaded  after  a  mild  or  after  a  severe  winter? 

4.  Do  wet  or  dry  summers  favor  its  multiplication  f 

5.  What  is  the  earliest  date  at  which  you  have  known  the  worm  to  appear  in  spring? 

5.  In  whikt  locations  does  it  most  often  first  appear? 

7.  What  is  your  experience,  and  what  are  your  views,  as  to  the  winter  habits  of  the 
insect? 

6.  What  natural  enemies  of  the  worm  among  birds,  quadrupeds,  or  insects  are  you 
(■miliar  with  ? 

9.  What  has  been  the  result  of  the  efforts  to  allure  and  destroy  the  moths,  and  what 
methods  have  proved  most  satisfactory  ?  Give  your  estimate  of  the  relative  value  for 
this  purpose  of  poisoned  sugar,  molasses,  and  vinegar,  or  other  poisonous  substances, 
and  fires. 

10.  Are  the  moths  most  attracted  to  sweetened  substances  when  smeared  upon  trees, 
boards,  Ac,  or  when  contained  in  vessels  in  or  near  which  lamps  may  be  lighted  ? 

11.  Axe  any  flowers  known  to  be  attractive  to  the  moth  ?  If  so,  specify  them  and 
their  season  of  blooming. 

12.  What  do  you  know,  fh>m  your  own  observation,  of  the  influence  of  Jute  grown 
near  or  ^  ith  the  cotton  ? 

13.  Has  anything  been  fi>und  more  generally  useful  and  applicable,  or  cheaper,  than 
the  use  of  the  Paris-green  mixture,  or  of  arsenic  in  some  form,  to  destroy  the  worms? 

14.  Have  yon  known  of  any  ii^urious  effects  following  the  use  of  this  poison,  either 
to  the  plant,  to  man,  or  to  animals  ? 

15.  State  what  yon  consider  the  best  and  most  effective  method  of  destroying  the 
worms  in  your  section. 

16.  State  the  cost  per  acre  of  protecting  a  crop  by  the  best  means  employed. 
Canwpimdemtt  wiU  coj^€r  afanor  (y  fmmherimg  ikt  repUse  to  oorratpoiMi  wiik  ik&  ^ms- 

liMf,  mkd  hp  wrUhtg  an  hut  one  tide  of  ikepapm'. 
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The  appropriation  was  limited  that  year,  and  on  that  account  a  lim- 
ited force  of  assistants  was  employed.  Mr.  Schwarz  spent  considerable 
time  in  the  Colorado  bottom,  at  Oolumbns,  Tex.,  and  later  at  Selma, 
Ala.,  with  Mr.  Patton.  We  spent  some  time  at  both  places  with  these 
gentlemen,  and  visited  a  nnmber  of  other  points  at  which  there  seemed 
opportunity  of  gaining  experience  or  information.  Bnt  our  time  was 
much  taken  up  with  the  office  work  of  the  Commission  and  with  the 
preparation  of  Bulletin  3,  or  the  first  edition  of  this  work.  This  was 
issued  January  28, 1880,  or  within  seven  months  from  the  time  the  Com- 
mission took  chartre  of  the  work.  A  summary  of  the  work  of  the  year 
is  given  in  the  introduction  to  that  Bulletin,  from  which  we  quote  the 
following  passage,  by  way  of  deserved  credit  to  some  of  the  earlier  stu- 
dents of  the  Cotton  Worm,  and  particularly  to  the  first  entomologist  of 
this  department,  since  deceased : 

The  need  of  such  an  Id  vestigation,  and  even  of  a  mnoh  more  thorongh  one  fchan  the 
limited  means  bo  far  appropriated  therefor  by  Congress  have  permitted,  is,  I  ventore 
to  believe,  made  apparent  from  the  following  pages.  Mr.  Townend  Olover,  during 
his  earlier  connection,  as  entomologist,  with  the  Patent  Office  and  the  Department  of 
Agrionltore,  gave  maoh  time  to  the  study  of  the  insects  affecting  cotton,  and  pub- 
lished in  the  Agricultural  Reports  for  1854  and  1855  much  valuable  information  there 
anent,  which  has  been  a  text  for  most  subsequent  writings  on  the  subject.  The 
science  of  entomology  was  then  in  its  infancy  in  this  country,  and  Mr.  Glover  labored 
under  many  difficulties  in  the  proper  determination  of  species  and  in  other  ways, 
which  necessarily  prevented  that  scientific  accuracy  and  thoroughness  which  is 
desirable.  Tet  to  his  labors  and  those  of  a  few  Southern  men  like  the  late  Thomas 
Affleck,  of  Brenham,  Tex.,  and  Dr.  D.  L.  Phares,  of  Woodville,  Miss.,  we  owe  aU  that 
was  known  and  in  any  way  reliable  on  the  subject  up  to  within  the  present  decade ; 
while  his  copper-plate  figures  of  the  principal  insects  affecting  the  plant,  of  which 
figures  he  published  in  1878  a  limited  nnmber  of  copies  for  distribution'  at  his  own 
expense,  are  to  admirable  and  instructive  that  it  is  cause  for  regret  that  they  were 
not  long  since  issued,  with  appropriate  text,  by  the  Department  of  which  he  was  so 
long  the  entomologist. 

It  may  safely  be  said  that  up  to  1878  scarcely  any  facts  had  been  added,  by  direct 
observation,  to  those  which  Professor  Glover  had  published  regarding  the  Cotton 
Worm  twenty-five  years  ago. 

Jnst  before  the  issuing  of  Bulletin  3  a  circular  was  sent  through  the 
State  Department  to  consuls  and  consular  agents  in  different  localities 
in  Mexico,  Central  and  South  America,  asking  for  such  particulars  con- 
cerning the  enemies  of  the  cotton  plant  as  might  bear  upon  the  ques- 
tion of  annual  immigration.  The  answers  to  this  circular  were  received 
too  late  for  insertion  in  Bulletin  3,  but  they  have  been  used  in  the 
preparation  of  Chapter  lY,  and  will  be  found  in  full,  together  with  the 
text  of  the  circular  letter,  in  Appendix  YII,  page  [59]  of  this  volume. 

During  the  year  1880,  by  virtue  of  increased  means  provided  by 
Congress,  the  investigation  was  carried  on  with  more  vigor.  Among 
temporary  employes  engaged  for  special  work,  Judge  W.  J.  Jones  acted 
as  agent  in  Southern  Texas,  Prof.  B.  W.  Jones  was  engaged  in  Missis- 
sippi making  extracts  and  decoctions  of  different  native  plants  to  be 
tested  as  insecticides,  and  also  in  making  special  observations  on  the 
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Bon  Worm,  wldle  I>r.  Anderson  and  Jndge  Johnson  represented  the 
Gommisskm  m  Ui^r  respective  parts  of  the  same  State,  making  experi- 
ments diemselves  and  also  assisting  Professor  Jones.  Mr.  Boane  was 
located  for  some  time  at  Sehna,  Ala.,  making  extracts  and  decoctions 
rfTaiioos  native  plants  in  that  region,  while  Jndge  Bailey  represented 
the  Commission  in  the  cane-brake  region  of  the  same  State,  and  was 
more  paiticalarly  charged  with  what  pertains  to  the  food  habits  and 
hibernation  of  die  parent  moth.  In  Georgia  Professor  Willet  made  a 
Bsries  of  experiments  to  test  the  valne  of  fhngns  germs  in  the  destmo- 
tion  of  the  worm.  Professor  Smith,  of  Tuscaloosa,  Ala.,  was  engaged 
in  the  work  on  the  cotton  belt,  represented  in  Chapter  YI.  Prof.  J.  P. 
Stdle,  of  Mobile,  Ala.,  spent  nearly  five  months  in  Texas,  traveling 
from  place  to  place,  under  special  instructions  as  to  observations,  while 
Mr.  Patton,  in  addition  to  assisting  in  the  office  work,  spent  part  of 
the  summer  at  Selma,  Ala.  Here,  also,  Mr.  Schwans  was  stationed,  as 
we  found  it  convenient  to  make  this  point  a  sort  of  field  headquarters 
for  the  work,  especially  the  testing  of  remedies  and  remedial  appliances. 
Mr.  Hubbard  was  stationed  in  Florida,  principally  at  Centreville  and 
Orescent  City.  Dr.  Barnard  had  his  headquarters  at  Yidalia,  La,,  in 
the  early  part  of  the  season,  making  notes  in  portions  of  Louisiana  and 
IGssissippi,  but  later  in  the  season  joined  the  force  at  Selma,  where  he 
gave  more  particular  attention  to  the  machinery  experimented  with. 
Whatever  time  could  well  be  spared  from  the  office  work  of  the  Commis- 
sion we  devoted  to  field  work,  visiting  during  the  months  of  July, 
August,  September,  and  October  the  different  agents,  and  personally 
aiding  and  suggesting  in  the  carrying  out  of  plans  and  instructions. 

These  instructions  were  given  in  special  correspdbdence  with  the 
agents,  as  also  in  Circular  No.  7,  and  in  the  following  supplementary 
circular  letter : 

SUPPLEMENTARY  INSTRUCTIONS  TO  AGENTS. 

Ofvicx  or  THB  U.  S.  Entomological  Commission, 
No.  1700  I3th  Street,  Waehingtonf  D.  C,  July  30,  1880. 

In  addition  to  instmotions  already  transmitted  to  you,  I  hereby  call  your  atten- 
tion to  a  few  important  points  which  shoaldhave  especial  attention. 

In  the  application  of  poisons  already  known  to  be  effectual  the  great  desideratum 
is  to  ascertain  the  minimum  quantity  that  can  be  used  successfully.  It  is  my  inten- 
tion to  perfect  appliances  that  will  throw  either  an  extremely  fine  mist  or  an  almost 
impalpable  cloud  of  dust  from  near  the  ground  up  among  the  plants  and  on  the  under 
side  of  the  leaves. 

Test,  therefore,  thoroughly,  by  a  series  of  experiments,  whether : 

1.  London  purple,  Paris  green,  or  arsenic  can  be  used  without  diluents  by  forcing 
them  dry  in  minimum  quantity,  onto  the  plants,  and  ascertaining  how  much  ground 
a  pound  of  each  may  be  made  to  cover. 

2.  If  they  cannot  be  nse^  without  diluents,  the  minimum  quantity  of  such  diluents 
necessary. 

3.  How  far,  by  fine  spraying,  and  economy  in  preventing  wastage  on  the  ground. 
the  number  of  gaUons  of  water  to  a  pound  of  these  materials  may  be  reduced— the 
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idea  being,  in  all  these  desired  experiments,  to  reduce  the  bulk  and  expense  of  the 
dilaents  by  forcing  the  poisons  in  finer  and  fewer  particles  up  among  the  l^ants 
rather  than  down  upon  them,  through  small  perforations,  or  (what  will  prove  pref- 
erable) crescent-shaped  slits  of  varions  dimensions  in  nozzles  that  will  bear  great 
pressure  from  within. 

4.  Test  how  far,  t.  e.,  over  how  much  ground,  on  the  above  principles,  a  pound  of 
pyrethrum  may  be  made  to  go  and  still  prove  effectual. 

5.  Ascertain,  if  possible,  whether  the  moths  are  not  killed  by  sucking  at  the  glands 
where  the  plant  is  poisoned  from  below. 

6.  Ascertain  the  effects  of  these  different  poisons  on  the  eggs. 

7.  Always  note  the  difference  in  effect  on  the  very  young  and  the  full-grown 
worms. 

8.  Observe  well  in  the  woods  and  in  the  neighborhood  of  infested  fields  if  the 
Aletia  larva  can  be  found  feeding  on  any  other  plant,  searching  particularly  plants 
of  the  same  family  (MalviicecB)  or  that  to  which  cotton  belongs. 

9.  Not^  and  study  any  mites  found  preying  on  the  eggs. 

10.  Send  me  a  summary  of  the  experiments  made  with  yeast  ferment  or  beer  mash 
by  the  middle  of  August. 

11.  Study  weU  the  influence  of  ants  in  the  cotton  field  and  in  how  far  tliey  prove 

destructive  to  Aletia,  especially  to  the  egg  or  young  larva. 

Respectfully, 

C.  V.  RILEY, 

Chief  U,  8.  E.  C. 

Another  circular  (No.  10)  referred  to  other  insects  affecting  either  the 
root,  stem,  branch,  leaf,  involucre,  blossom  or  boll,  but,  for  reasons  stated 
ill  the  Preface,  need  not  be  repeated  here. 

In  the  meantime  the  work  we  had  left  unfinished  in  the  Department, 
together  with  some  additional  work  done  by  Mr.  William  Trelease  under 
direction  of  our  successor,  had  been  prepared  for  publication,  and  was 
issued  in  August,  1880,  by  Professor  Comstock  as  author,  under  the 
title:  Report  |  upon  |  Cotton  Insects  |  prepared  |  under  direction  of  the 
Commissioner  of  Agriculture  in  pursuance  of  an  Act  of  Congress  ap- 
proved June  19, 1878  |  By  |  J.  Henry  Comstock  |  Entomologist  to  the 
Department  of  Agriculture  |  Washington  |  Government  Printing  Office 
I  1879  I  ,  This  is  referred  to  in  the  following  pages  either  as  the  "  De- 
partment Eeport  on  Cotton  Insects  ^  or  as  "  Comstock's  Cotton  Insect 
Report.^ 

On  July  1,  1881,  the  TJ.  S.  Entomological  Commission  was  transferred 
by  previous  act  of  Congress  from  the  Department  of  the  Interior  to  the 
Department  of  Agriculture,  and  we  were  soon  thereafter  asked  to  re- 
sume the  position,  which  we  had  resigned  two  years  previously,  of  ento- 
mologist to  this  last  Department,  under  whose  auspices  the  investiga- 
tion has  since  been  carried  on.  The  work  in  1881  and  1882  was  chiefly 
devoted  to  the  preparation  of  the  present  report  and  to  the  testing  and 
perfecting  of  the  machinery  that  had  been  devised,  the  Cotton  Conven- 
tion held  in  the  autumn  of  1881  at  Atlanta,  Ga.,  offering  a  favorable 
opportunity,  and  much  time  having  been  given  to  the  preparation  of 
an  exhibit  of  sucb  machinery,  which  the  Commissioner  desired  should 
be  made  there.    Such  further  experiments  as  were  made  with  insecti- 
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ddes  weie  inddeiital  to  those  made  preyiondy,  and  have  been  recorded 
m  the  publications  of  the  Bntomological  Division. 

The  preparation  of  this  report  for  the  printer  was  yirtoaUy  finished 
\fj  the  end  of  1882,  and  we  owe  it  to  oorself  and  to  the  pnblic  to  ex- 
plain here  the  reasons  for  the  delay  in  its  appearance.  The  chief  reason 
lias  been  the  desire  on  oar  part  to  have  all  the  more  practical  qnestions 
is  satisfactorily  settled  as  possible,  and  every  one  who  has  been  en- 
gaged in  snch  work  knows  how  one  experiment  suggests  and  begets 
soother,  and  how  difficolt  it  is  to  close  up  experimental  work  that  one 
is  deeply  interested  in.  We  also  felt  the  need  of  more  exact  knowl- 
edge  of  the  fBCt»  in  reference  to  Aletia  in  Brazil  as  bearing  on  the  hi- 
bernation and  introdaction  of  the  species  within  the  States.  In  porsnit 
of  information  upon  these  points  and  upon  qnestions  concerning  the 
ealtivation  of  cotton  in  Brazil,  Dr.  John  O.  Branner,  a  gentleman  fa- 
miliar with  Brazil  through  his  •  connection  with  several  exploring  ex- 
peditions, was  sent  to  that  country  with  an  assistant,  Mr.  A.  Koebele, 
in  the  winter  of  1882-^83.  They  remained  there  some  four  months  and 
collected  a  large  amount  of  interesting  material,  returning  in  May,  1883. 
Dr.  Branner's  preliminaiy  report  was  published  in  Bulletin  4  of  the 
Entomological  Division,  pp;  51-69,  and  that  portion  of  his  final  report 
wUdi  treats  of  cotton  insects  forms  Appendix  Y  of  the  present  volume. 
The  remainder  of  his  report  is  published  in  Miscellaneous  Special  Be- 
port  No.  8  of  the  Department,  under  the  title  ^^  Gotten  in  the  Empire  of 
Brazil ;  the  Antiquity,  Methods,  and  Extent  of  its  Oultivation ;  together 
with  Statistics  of  Exportation  and  Home  Consumption." 

Then  during  this  time  the  third  report  of  the  Oommission  was  being 
prepared  and  issued,  while  the  labors  of  the  divisional  work  since  1881 
have  been  greater  than  ever  before.  We  have,  both  from  choice  and 
from  necessity,  made  the  finishing  of  the  literary  work  of  the  Oommis- 
sion, which  expired  June  30, 1882,  secondary  to  our  duties  as  entomologist 
to  the  Department,  and  the  general  work  of  the  Division,  together  with 
the  preparation  of  the  bulletins  and  annual  reports  issued  since  1881, 
have  helped  to  increase  the  delay.  Finally,  there  are  delays  incident  to 
Government  publication  which  those  who  have  had  experience  with  it 
very  well  understand,  but  which  the  outside  public  cannot  well  appre- 
ciate. The  chief  of  these  is  that  the  Government  Printer  finds  it  neces- 
sary to  set  aside  work  on  special  reports  during  the  sessions  of  Congress, 
so  that  the  summer  months  are  the  best  to  get  work  done  on  such  special 
reports— the  time  of  year,  unfortunately,  when,  from  the  very  nature  of 
the  work  of  the  entomological  Division,  the  entomologist  is  most  occu- 
pied with  the  prosecution  of  research  and  has  least  time  for  literary 
or  editorial  work.  Yet  the  fact  remains  that  the  report  proper  was 
fixmially  submitted  in  March,  1884,  and  the  bulk  of  it  was  in  type,  with 
all  the  iUostrations  made,  by  the  fall  of  that  year.  K  the  foregoing 
aeoonnt  of  the  investigation  upon  which  this  report  is  based  and  expla- 
nation of  the  delay  in  its  appearance  indicate  some  of  the  difElculties 
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that  have  beset  its  preparation,  it  most  be  remembered  that  they  aro 
such  as  are  incidental  to  most  scientific  work  of  an  official  nature,  or 
done  onder  the  (Government.  We  hope  and  believe,  notwithstanding, 
that  the  work  will  prove  of  standard  value  to  all  in  any  way  interested 
in  the  matter  of  which  it  treats. 

Chapters  I  and  II,  pertaining  to  classification,  nomendatore,  destnict- 
iveness,  characters,  habits,  and  natural  history  of  the  Gotten  Worm,  are 
condensed  as  much  as  possible.  The  reasons  for  abiding  by  the  specific 
name  of  the  species  originally  proposed  by  Say  are  more  fiilly  given  in 
Note  2  than  in  the  text,  and  if  the  statements  in  regard  to  habits  and 
natural  history  have  at  times  the  appearance  of  being  dogmatic  where 
they  conflict  with  previous  statement  by  others,  it  is  because  the  flEM^ts 
have  been  so  fuUy  studied  as  to  leave  no  room  for  question.  The  ftill 
hibernation  of  the  species,  within  our  limits,  was  not  established  tiU 
the  spring  of  1882,  by  our  finding  the  newly-hatched  worms  the  latter 
part  of  March  on  rattoon  cotton  in  South  Georgia  and  Florida,  bat  it 
was  to  Mr.  Koebele's  unfli^ging  industry  (chiefly  at  night),  while 
stationed  at  Archer,  Fla.,  for  this  purpose,  that  the  hibernating  moths 
were  obtained  during  the  months  of  December,  January,  February,  and 
March. 

Ghapter  III  consists  of  a  summary,  with  as  little  detail  as  possible,  of 
the  past  marked  appearances  of  the  Gotten  Worm  in  the  Unfted  States 
chronologically  given,  and  of  the  history  of  remedies  proposed  for  it 
The  history  of  the  literature  is  given  separately  in  Ghapter  XIV. 

In  Ghapter  IV  brief  consideration  is  given  to  the  distribution  of 
AleUa  wffUna  in  other  countries  than  the  United  States,  showing  that 
it  is  confined  to  the  Western  Hemisphere. 

Ghapter  Y,  by  Messrs.  Minot  and  Burgess,  treats  of  the  anatomy  of 
Aletia  by  two  competent  histologists,  and  while  it  will  have  int^iest 
principally  for  the  scientific  reader,  it  will  prove  a  valuable  contribu- 
tion to  a  phase  of  the  subject  hitherto  untouched. 

Ghapter  YI,  by  Professor  Smith,  treats  of  the  cotton  belt,  its  general 
characteristics,  and  its  peculiarities  firom  meteorological,  agricultural,  ar- 
boricoltural,  and  geological  standpoints.  This  subject  of  the  cotton  bdt 
and  its  characteristics  is  one  that  always  inteiested  us  firom  the  possi- 
bility that,  after  careful  study,  it  might  indicate  the  preferred  hibernat- 
ing regions  of  the  moth.  Its  proper  consideration  required  not  only  a 
tho|fough  knowledge  of  the  country,  but  geological  knowledge  which  we 
did  not  possess,  and  it  is  doubtful  whether  one  could  be  found  more 
thoroughly  fitted  to  consider  it  than  Professor  Smith.  His  work  has 
shown,  if  anything,  that  there  is  not,  as  we  anticipated  there  might  be, 
any  necessary  connection  between  the  surface  characteristics  of  the 
country  and  hibernation.  This  last  evidently  depends  more  on  mean 
winter  temperature  and  earliness  of  spring,  and  if  any  oondnsion  is 
warranted,  it  would  seem  to  be  that  the  dark,  low,  and  rich  soils  most 
conducive  to  the  increase  of  tho  worm  are  not  the  most  conducive  to 
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llie  winter  preservation  of  the  motli,  which  flndB  its  most  favorable 
whiter  oonditioiis  in  the  sheltered  pine  regions  and  dry  sandy  soil  cov- 
ered with  wire-grass.  Bnt  aside  firom  this  Professor  Smith's  chapter 
will  have  a  deep  interest  for  cotton  planters. 

In  Chapter  VU  we  have  briefly  considered  the  inflnenees,  direct  and 
indiieoty  which  the  character  and  condition  of  the  soQ,  of  the  plant, 
and  of  the  weather  have  upon  the  first  appearance  of  the  worms  and 
upon  their  increase  and  destmctivenes»— a  subject,  as  the  context  shows, 
of  no  mean  importance. 

In  Chapter  YIII  the  natural  enemies  of  the  insect  are  treated  of  and' 
their  value  as  checks  to  its  increase  considered.  The  list  is  a  long  one, 
and  those  of  its  own  class  are  treated  of  systematically.  Many  previoos 
errors  are  here  corrected  and  a  number  of  pertinent  entomological  facts 
for  the  first  time  published*  When  the  investigation  began  not  a  sin- 
(^  true  parasite  had  been  recorded  by  name,  whereas  over  a  dozen  are 
here  recorded* 

In  Ohapter  IX  we  have  dealt  with  such  preventive  measures  as  are 
worthy  of  consideration  by  planters,  while  in  Chapter  X  we  have  dealt 
at  length  with  remedies,  i.  e.,  with  means  of  coping  with  the  insect, 
lather  in  the  egg,  larva,  pupa,  or  imago  state,  but  more  particularly 
with  substances  that  may  be  used  for  the  destruction  of  the  worm.  This 
is  the  chapter  which  will  probably  prove  of  greatest  Vlilue  to  those  for 
whom  the  report  is  primarily  intended,  and  we  bespeak  its  careftal  con^ 
lideration.  While  many  substances  are  considered  which  have  no  value 
whatever,  yet  negative  results  once  established  have  a  decided  value 
is  preventing  future  waste  of  time  and  energy  in  futile  work,  and  the 
matter  of  the  chapter  is  based  on  original  research  and  experiment.  In 
treating  of  the  use  of  yeast  ferment  or  other  fhngus  germs  we  have  used 
wwcntially  the  language  of  the  first  edition.  Time  has  only  served  to 
oonftrm  us  in  our  opinion  of  their  practical  futility  in  the  field.  The 
question  of  the  practical  use  of  these  micro-organisms — ^these  disease- 
germs — as  insecticides  is  a  very  fiMcinating  one,  and  is  much  written 
about  juet  now ;  but  unfortunately  it  proves  most  alluring  to  those  who 
have  had  the  least  practical  exi>erience  in  coping  with  injurious  insects 
ID  the  field,  and  is  much  more  apt  to  assume  importance  to  the  closet 
theorists  than  to  those  who,  from  experience,  are  conscious  of  the  diffl- 
Golties  involved  in  its  applicability. 

Chapters  XI,  XII,  and  XITT  treat  of  the  machinery  and  mechanical 
devices  which  are  in  use  or  may  be  used  for  the  destruction  of  the  insect, 
whether  direct  or  by  fiEMnlitating  the  application  of  the  various  sub- 
stances treated  of  i|i  Chapter  X.  No  excuse  need  be  oflbred  for  the  rel- 
ative length  of  these  chapters,  as,  owing  to  its  importance,  by  tut  the 
larger  part  of  the  time  and  means  employed  in  the  investigation  has 
been  given  to  this  part  of  the  subject.  In  the  early  part  of  the  in- 
Testigation  we  personally  took  imins  to  acquaint  onrself  with  all  that 
bad  been  done  in  this  direction,  and  studied  not  only  the  patents  that 
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had  been  issued  for  machinery  to  be  used  against  the  Gotten  Worm,  bat 
more  partioalarly  suoh  as  was  actually  in  nse  in  the  field.  A  sommaiy 
of  the  resnlts  was  given  in  Bnlletin  3  of  the  Oommission.  The  Yariety 
of  these  inventions  by  Sonthem  planters  and  the  ingenuity  displayed 
in  many  of  them  compared  very  favorably  with  what  had  been  done  in 
similar  directions  in  other  parts  of  the  country,  and  two  important  fiusts 
were  obvious  and  are  worthy  of  emphasis : 

First.  Though  there  is  every  reason  to  believe  that  the  ravages  of  tiie 
worm  were  proportionally  as  great  before  as  they  have  been  since  the 
late  war,  yet  all  the  more  important  inventions  postulate  that  period. 
Prior  thereto  only  the  more  primitive  and  ineffective  means  of  destruc- 
tion, such  as  hand-picking  and  the  use  of  fires  and  lights  in  the  fields  at 
night,  were  resorted  to. 

Secondly.  By  far  the  greater  number  of  the  machines  have  been  in- 
vented in  Texas,  and  this  is  doubtless  due  to  the  circumstance  that  the 
worm  occurs  more  regularly  and  more  disastrously  there  than  in  other 
States.  Both  facts  are  indicative  of  the  more  healthy  development  of 
the  South  under  free  as  compared  with  slave  labor. 

The  more  satisfactory  machines  in  vogue  were  those  which  distributed 
the  liquid  poison  in  broadcast  spray  or  sprinkle  over  the  surface  of  the 
plants  from  some  wheeled  vehicle  containing  a  reservoir  for  the  liquid, 
ivhich  was  either^  distributed  automatically  or  by  means  of  force-pumps. 
We  soon  became  convinced  that  whatever  improvements  were  i>ossible 
most  be,  as  indicated  in  our  later  instructions  to  agents,  in  the  direction 
of  spraying  the  under  surfaces  of  the  leaves  and  of  reducing  to  a  mini- 
mum the  quantity  of  poison  necessary  to  an  acre,  as  also  tiie  labor 
necessary  to  apply  it. 

The  more  important  of  these  aims  was  first  foreseen  by  Mr.  W*  J. 
Daughtrey,  of  Selma,  Ala.,  who,  in  February,  1878,  in  his  letters  patent 
(see  pp.  253-9),  fully  realized  the  advantage  of  fine  spray  on  the  under 
side  of  the  leaves.  Although  the  very  ingenious  machine  contrived  by 
him  and  described  in  these  chapters  did  not  work  as  successfully  as  he 
had  hoped,  and  was  too  elaborate,  heavy,  and  expensive  to  prove  prac- 
tically successfid,  yet  too  much  praise  cannot  be  given  Mr.  Daugh- 
trey for  the  clear  manner  in  which  he  saw  what  was  required  and  the 
skill  with  which  he  endeavored  to  put  the  principle  to  practice.  It  has 
been  our  aim  in  this  part  of  the  work  to  develop  simpler  means,  that 
may  be  available  to  the  average  planter  for  attaining  the  same  obijeot, 
and  we  would  more  particularly  call  attention  to  the  underspn^ying  ar- 
rangements described  on  pp.  288-293  and  supplemented  in  Note  62. 
In  order  to  accomplish  anything  of  value  in  this  field  of  maohineiy,  it 
was  necessary  that  some  competent  person  should  be  able  to  devote  his 
entire  time  to  carrying  out  our  ideas  and  to  such  experimentation  as 
the  objects  in  view  suggested  or  required.  Experience  had  shown  that 
a  professional  engineer  was  not  best  fitted  for  the  work,  and  we  were 
finally  fortunate  in  securing,  in  the  summer  of  of  1880,  the  services  of 
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Dr.  Bamaidy  who,  in  additkm  to  his  knowledge  of  natural  luatofy,  poe- 
oooBoo  meehanical  ingenuity  of  a  high  order.  After  giving  aome  time 
to  general  obeeryations  in  Miseiaappi  and  Alabama  in  the  sommer  of 
1880,  he  waa  caUed  to  Selma  the  latter  part  of  Angnat,  and  charged 
with  mechanioal  work.  It  waa  there  and  early  in  September  that 
the  (^done-noule  originated  in  oor  endeavora  to  contrive  aometbing  that 
would  throw  a  apraj  from  the  gromid  up.  The  qaeation  waa  dia- 
oaaaed  between  na  aa  to  whether  water  forced  tangentially  into  a  flat- 
ened  diac  woold  rotate  and  iaane  from  an  outlet  in  a  atraight  or  in  a 
^reading  jet.  Dr.  Barnard  took  the  latter  view,  and  a  diac,  improviaed 
tymeanaof  two  watch  ciyatala,  ao  aa  to  permit  the  motion  of  the  liquid 
to  be  aeen,  proved  that  he  waa  correct.  The  aixe  and  form  finally 
adopted  ia  the  veault  of  numberleaa  aubaequent  experimenta  ooveiing 
•  period  of  nearly  two  yeara. 

While  we  have  alwaya  had  a  number  of  original  ideaa  to  cany  out 
and  our  direction  of  ttua  work  haa  been  active,  yet  Dr.  Bamard'a  aa- 
natanoe  waa  fertile  from  the  flrat,  and  there  ia  ao  mueh  that  haa  reaulted 
therefirom  that  the  preparation  of  theae  ohaptera  waa  finally  aaaigned 
to  him,  and  he  deaervea  much  of  the  credit  that  attaohea  to  them.  It 
waa  found  expedient,  on  account  of  the  large  increaae  of  matter,  to  de- 
part from  the  general  arrangement  adopted  in  the  firat  edition,  which, 
while  it  had  the  merit  of  aimplidty,  did  not  pennit  of  ao  thorough  a 
daaaiflcation.  Much  of  the  material  in  that  firat  edition,  ia,  however, 
oaed  verbatim  in  theae  chaptera  and  anch  ia  placed  in  quotation  marka, 
10  that  any  quoted  paaaage  without  authority  or  credit  may  be  under- 
stood aa  being  from  that  edition. 

In  deacribing  theae  varioua  machinea  and  contrivancea,  it  haa  been  the 
endeavor  to  bring  to  the  notice  of  the  planter  all  that  are  worthy  of 
mention,  and  to  point  out  their  advantagea  and  diaadvantagea  and  how 
they  may  be  uaed  moat  economically  and  efEectively.  The  planter  can 
then  judge  for  himaelf  which  he  can  moat  profitably  adopt  according 
as  hia  own  circumatanoea  dictate.  Many  of  the  older  machinea  and 
oontrivancea  are  thua  mentioned  or  deacribed  (though  now  auperaeded 
by  improved  onea)  becauae  they  are  of  intereat  from  a  hiatorical  point  of 
Tiew. 

Chapter  XIY  givea  a  abort  account  of  the  hiatory  of  the  literature 
on  the  Cotton  Worm  and  doaea  with  a  bibliography  up  to  and  including 
the  year  1881. 

In  Chapter  XY  are  illuatrated  and  deacribed  aome  of  thoae  inaecta 
which  either  in  the  larva  atate,  but  more  particularly  in  the  imaigo  atate, 
are  liable  to  be  confounded,  and  in  teyot  have  oftcm  been  confounded, 
with  the  true  Cotton  Worm.  Aa  the  northern  Army  Worm  (Leueania 
wm^fwujta)  in  the  imago  atate  ia,  from  ita  color  and  fkequenoy,  moat 
ofteQ  thua  miataken  in  winter  time,  we  have  introduced  a  colored  plate 
of  the  apeciea  to  facilitate  compariaon. 

Chapter  XVI  is  devoted  to  the  Boll  Worm,  and  will  be  found  to  con 
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tain  a  quite  ftiU  acoonnt  of  it,  espeoiaUy  of  its  diflfereiit  food-pIantB 
other  than  cotton;  of  its  habita,  oharaoten,  natural  history,  and  natoral 
enemies.  A  sommary  of  its  distingoishing  points  as  compared  with 
Aletia ;  a  ftill  consideration  of  the  diffeient  methods  that  are  available 
to  counteract  its  iivinries,  and  a  bibliography  are  also  given.  It  is  for- 
tunate that  the  best  methods  of  nnderspraying  the  leaves  of  cotton 
with  poisons  to  destroy  the  Aletia  also  prove,  all  things  considered,  the 
best  means  of  preventing  the  injury  to  cotton  of  this  Heliothis. 

Finally,  in  the  Appendices  will  be  found  such  reports  from  agents 
and  observers  as  have  been  deemed  worth  publishing  as  supplementary 
to  the  report  proper.  The  tabulated  replies  to  the  first  circular  issued 
from  the  department  are  not  included,  as  they  were  published  in  t<he 
]>epartment  Gotten  Insect  Report,  while  the  more  valuable  of  those  in 
reply  to  Circular  TSo.  7  are  given  in  Appendix  VII.  As  abready  stated, 
these  Appendices  include  also  Mr.  Brannei's  report  on  observations 
made  in  Braeil,  as  well  as  the  reports  from  consular  agents  upon  the 
insect  in  other  countries. 

The  Notes,  as  already  stated  in  the  Pre&oe,  either  contain  matter  of 
a  technical  nature  that  it  was  deemed  advisable  to  exclude  from  the 
main  text,  or  matter  needed  to  still  farther  elucidate  or  supplement  it 
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OLASSinOATION    AND   NOMENCLATXJEB.     DESTEUCTIVB. 

NESS. 

POPULAB  AND  SCIENTIFIO  NAMES. 

Among  planters  the  Cotton  Wonn  is  very  often  termed  the  **  Cater- 
pillat,"or  the  "Cotton  Caterpillar,'^  and  not  infrequently  the  "Army 
Worm.''  We  have  elsewhere  shown*  why  this  last  term  should  be  dis- 
coatlteoanced  in  the  literature  of  the  subject,  unless  prefixed  by  the 
word  "  Cotton,'^  and,  both  for  the  sake  of  brevity  and  to  prevent  con- 
fiision,  the  name  used  in  this  Bulletin,  and  by  which  the  insect  in  this 
larva  state  is  very  generally  known,  is,  on  the  whole,  preferable.  In 
Loaisiana,  more  particularly,  the  French  term  "chenille,^  meaning  cat- 
erpillar, is  commonly  employed.  For  the  perfect  insect  the  term  "fly'' 
18  more  often  used  in  some  parts  of  the  South  than  the  term  "moth," 
bnt  the  latter  is  preferable  from  an  entomological  view. 

As  to  the  scientific  name,  the  species  was  first  described  by  Thomas 
Say,  in  1827,  as  Noctua  xylina,  in  a  letter  to  Dr.  O.  W.  Capers,  published 
in  tbe  Southern  Agriculturist  (vol.  I,  p.  203),  but  overlooked  by  most  later 
writers.  Harris,  in  his  Correspondence,  placed  the  "  Cotton  Moth  "  near 
the  genus  Ophiusa^  while  later  authors  more  correctly  referred  it  to  Ililb- 
ner's  genus  Anomia.  Mr.  A.  R.  Grote,  in  1874,t  an ived  at  the  conclusion 
that  Say's  xylina  was  nothing  more  ilbv  less  than  the  Aletia  argillacea 
of  Uilbuer,  described  and  figured  hy  this  author  in  1823^  In  this 
opinion  he  was  followed  by  subsequent  authors,  and  this  name  wiis 
adopted  in  Bulletin  3  of  the  Commission,  and  also  in  the  Special  Kei)ort 
of  the  Agricultural  Department.  Recent  studies,'  however,  indicate 
that,  although  our  Cotton  Worm  moth  is  found  at  Bahia,  tho  locality 
from  which  A.  argillacea  was  originally  described,  this  name  was,  witli- 
oat  much  doubt,  given  by  Uiibner  to  an  entirely  distinct  species  also 
found  in  the  same  locality,  and  Say's  specific  name  of  xylina  should 
still  hold  for  our  Cotton  Worm  moth. 

Accei>ting  the  difierence  between  Anomis  and  Aletia  as  of  generic 
value,  our  Cotton  Moth  should  still  be  placed  in  Aletia;  and  the  common 
or  popular  name  "Aletia,"  which  we  proposed  in  the  Bulletin,  and  which 
has  come  into  quite  extensive  use  in  the  last  four  years,  may,  therefore, 
be  retained. 

*8w  Second  Annnal  Beport  on  tlie  noxioiu,  beneficial,  and  other  insects  of  tbe  State  of  Missouri, 
fPloo.  Am.  Ansoo.  AdT.  Set  for  1874, 187S,  t.  23,  See.  B,  p.  13-1& 
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We  may  briefly  give  the  corrected  synonymy  of  the  insect  as  follows: 
Noctua  xylina  Say,  1830. 
Ophiusa  (?)  xylina  (Say),  Harris,  1851. 
Anomis  grandipuncta  Gueu6e,  1852. 
Anomis  fri/juncf ina  Guen6e,  1852. 
Depressaria  gossyptoides  Wailes,  1854. 
Anomis  xylina  (Say),  Grote,  1864. 
Aletia  argillacea  Illibn.,  Grote,  1874. 
Aletia  xylina  (Say),  Ililey,  1881,  1882. 
Aletia  xyli^ia  (Say),  Brooklyn  Society  Check  List,  1882. 
Further  particulars  will  be  found  in  the  Notes  and  in  chapter  XIV, 
which  treats  of  Past  History  and  of  Bibliography. 

CLASSIPICATOBY  POSITION. 

The  Cotton  Worm  moth  belongs  to  that  order  of  insects  known  as 
the  Lepidoptera,  which  includes  all  true  butterflies  and  moths.  The 
moths  {Heterocera)  are  separated  into  a  number  of  families,  of  which 
the  Owlet  Moths  {Noctuidce)  form  one  of  the  most  important.  This 
family  Koctuidw  is  of  great  interest  to  the  economic  entomologist,  for  it 
contains  not  only  the  insect  under  consideration,  but  alt  the  true  Cut- 
worms, the  Army  Worm,  the  Grass  Worm,  the  Boll  or  Corn  Worm,  the 
Cabbage  Plusia,  and  many  others  of  scarcely  less  importance.^* 

DESTRUCTIVENESS  OP  THE  WORM. 

An  impartial  calculation  of  the  money  loss  to  the  cultivator  caused 
by  injury  to  the  great  staples  of  the  country  from  their  insect  enemies, 
is  sure  to  startle  us  by  its  magnitude  when  the  loss  is  aggregated.  Such 
a  calculation  of  the  losses  which  the  Cotton  Worm  (not  to  speak  of  other 
insects)  inflicts  on  the  peo])le  of  the  South,  based  upon  the  somewhat 
imperfect  statistical  data  at  command,  leads  to  the  following  interesting 
conclusions,  which  for  the  most  part  receive  explanation  in  the  facts 
embodied  in  this  report.  The  calculation  embraces  fourteen  years 
after  the  close  of  the  civil  war,  and  was  made  by  Mr.  C.  R.  Dodge,  and 
verified  for  us  by  Mr.  J.  E.  Dodge,  the  statistician.  Any  extraneous 
causes  which  tend  to  retard  the  growth  of  the  plant,  also  tend  to  swell 
the  percentage  of  injury  by  the  worm  when  it  abounds.  Where  an  early 
stand  is  secured,  with  thorough  cultivation  and  exemption  from  other 
causes  of  injury,  there  the  percentage  of  loss  is  least,  even  in  bad  Cotton 
Worm  years.  The  percentage  of  loss  is,  also,  dependent  on  location. 
When  the  injury  is  done  early  in  the  season,  the  loss  in  localities  of 
heaviest  production,  or  where  the  fields  are  numerous  and  contiguous, 
is  nearly  double  what  it  is  where  the  fields  are  more  isolated.  In  years 
of  severe  injury,  from  30  to  98  per  cent,  of  the  crop  may  be  ruined  upon 
some  plantations,  while  on  others  the  loss  will  b(B  trifling.  The  highest 
average  of  loss  is  sustained  in  the  southern  portion  of  the  belt,  as  m 
Florida  and  southern  Texas.    It  increases  also  in  a  westerly  direction^ 


; 
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commenciDg  with  Georgia  at  16  per  cent.,  or  10  bales  out  of  every  100  of 
an  average  crop  for  fifteen  years,  and  ending  with  Texas  at  28  per  cent. 
In  the  northern  portion  of  the  belt  the  averages  are  low,  ranging  from 
5  to  8  x>^r  cent,  for  tbe  same  period;  wbile  in  many  parts  of  it,  and 
notably  in  North  Carolina,  the  worm  appears  so  late  as  to  generally  do 
more  good  than  harm  by  removing  the  luxuriant  to])  foliage,  and  thus 
admitting  the  sun  to  the  lower  bolls  and  hastening  tbeir  maturity. 

The  following  table  shows  the  amount  of  loss  in  bales  and  dollars  for 
each  State  in  a  year  of  severe  visitation : 


Horida 

GwrpU 

AhUama 

UiMiwippi 

Looisuma 

TeM« 

South  Carolina . 

TeimeMee 

Arkuwaa 

KorUi  CaraUna 


Totals 


State. 


Por  cent  of  Iom 
lor  m  on»t  yeurs. 


I 


25  1 
25.2 
24 


35 


2 


15 

12.5 

iS 

20* 


5 


24 

10.5 

17.8 

17 

20 

28 

06 

05 

08 


17.2 


Crop. 


§■1 


s 


40.700 
474.600 
530,  TOO 

700. 000 
'438, 700 

525. 1  00 
2-J4. 500 
147.000 
847,000 


3,440,200 


Lnsacs. 


-  «  2 
eiv    ,9 


12,000 
78, 422 
0".,  790 

12:J.  070 
89.  740 

148,  125 

11, 2J5 

8,305 

27,780 


504,497 


Money  lota. 


II. 


800.000 
8, 912,  UOO 
4, 780,  OUO 
0,150.000 
4,437.000 
7, 40li,  000 
580,000 
41H,000 
1,880,000 


29, 711, 000 


The  terms  *' highest"  and  "lowest''  in  this  table  do  not  refer  to  the 
greatest  amount  of  injury  or  to  the  reverse  inflicted  in  individual  locali- 
ties, but  to  a  general  average  for  the  principal  counties  of  heaviest  pro- 
dactiou  on  the  one  hand,  and  the  aVerage  for  the  r<^mainder  of  the 
State  on  the  other.  These  figures  are  derived  from  tbe  statistical  reports 
of  the  Department  of  Agriculture.  The  average  for  the  State  as  a 
whole  appears  in  the  third  column,  made  up  from  the  same  sources. 
The  fourth  column  is  made  up  from  reports  of  the  cotton  movement. 
The  table  shows  a  possible  loss,  in  years  of  great  prevalence,  of  about 
$30,000,000.  On  this  basis  the  average  annual  loss  may  safely  be  put 
down  at  about  $15,000,000  for  all  the  cotton  States  for  the  fburteeu 
years  following  tbe  war. 

There  have  been  two  previous  estimates  of  the  loss  occasioned  by  the 
worm,  both  of  which  bear  out  this  table.  In  tbe  report  of  the  Statis- 
tician of  the  Department  of  Agriculture  for  1877  the  loss  by  the  cotton 
worm  was  estimated  for  that  year  at  $15,000,000,  the  greater  portion 
of  the  loss  being  suffered  in  Texas,  though  the  damage  was  considerable 
as  far  east  as  Alabama.  Notwithstanding  this  loss  the  year  was  ono 
of  unusual  harvest,  hence  this  estimate  bears  out  well  oar  estimate  of 
the  average  annual  loss.  In  the  report  of  the  Entomologist  in  the  an- 
nual report  of  this  Department  for  1873  (p.  1G4)  there  appears  a  genend 
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statement,  also  fomished  by  the  statisticiaD,  which  placed  the  amount 
of  damage  at  possibly  500,000  bales  in  years  of  insect  prevalence.  This, 
at  $50  a  bale,  would  be  $25,000,000,  also  closely  approximating  our  es- 
timate of  the  damage  in  worst  years.  The  estimate  of  price  at  $50  a 
bale  for  the  fourteen  years  succeeding  the  war  is  low  rather  than  high, 
as  the  plantation  prices  between  1860  and  1870  ranged  from  $180  down 
to  $60. 

That  the  damage  was  equally  great  before  the  war  there  is  no  reason 
to  doubt,  for  while  severe  visitations  have,  perhaps,  been  more  frequent 
since  that  time,  the  iiyury  has  been  greatly  diminished  by  the  use  of 
Paris  green  and  other  arsenical  poisons  since  the  year  1873. 

The  subsidiary  table  of  losses  from  the  worm  for  the  year  1881  illus- 
txates  this  point  quite  well : 

Xm0  4^eoUam  hjf  worm$  at  reported  in  1881. 


AUbuBA 

ArkanHM 

Floridm 

6«orf:la 

LouUlMM 

lilMMifwiiipi...., 

Miflsonn 

North  (ymrolln* 
South  Caroliiui 

Tetin6<iMe 

TexsA 

VirgiiiiA 


Total 


46 

45 
16 


89 

6 

66 

25 


BtOst. 
51, 849 

15,055 
4,077 
20.058 
20,648 
88,111 


204 

10.238 

1,874 

22.472 


193,482 


Totel,per 


Bcfaf. 
609^616 
407,842 

29,628 
082,838 
878,856 
663,768 

16,186 
846,931 
418,948 
14fi,150 
661,778 
7,800 


8,878,760 


lOLl 

8l7 

iaL8 

8l6 

16L8 
616 


Oil 
1.6 

6l9 

4 


Total  cotton  prodnced.  6,589,000  l»a1eii ;  total  cotton  produced  In  conntlea  reportini;  worm,  8,878.796 
bales,  or  68.9  or  the  whoto  crop.  Thbi  would  lt>ave  on  the  Xmnin  of  the  wbole  crop  a  lost  of  only  2.^4-%, 
or  a  nionny  loes  of  $8,700,690,  calcalating  on  $45  th»  bale,  or  $9.074, 100  on  the  former  ba«l8  of  |jO.  Wa 
would  especially  oali  attention  to  the  great  redaction  in  the  percentage  of  loss  £rom  17.2  to  2.9-f . 


CHAPTER   11. 


OHABACTERS,  HABITS,  AND  NATURAL  HISTORY. 

[Plate!.] 

The  Cotton  Worm,  like  most  other  iasects,  and  all  belonging  to  its 
Order  and  Family,  exists  in  fonr  distiuct  states,  which  differ  much  from 
each  other.  They  are,  1st,  the  egg;  2d,  the  larva  or  worm ;  3d,  the  chrysa- 
lis;  4th,  the  imago  or  moth. 

The  worm  MUST  hatch  from  an  egg  deposited  by  the  female  moth. 
All  theories  to  the  contrary,  such  as  its  supposed  spontaneous  develop- 
ment from  the  plant,  or  its  origin  from  the  cotton-seed,  are  therefore 
utterly  without  foundation.  They  need  emphatic  denial  here,  because 
of  their  prevalence  not  only  among  the  negroes  and  the  more  ignorant, 
bat  among  intelligent  men  unfamiliar  with  the  principles  of  biology. 
Such  theories  always  have  been,  and  doubtless  always  will  be  entertained 
in  explanation  of  the  apparently  sudden  appearance  and  rapid  multipli- 
cation of  any  insect  or  other  organism  in  which  the  preliminary  phases 
of  the  phenomena  are  easily  overlooked  or  with  difficulty  traced.  We 
will  indicate  the  characteristics  of  these  fonr  states,  so  as  to  enable  the 
reader  nnaequainted  with  any  or  all  of  them  to  recognize  the  species,  in 
any  phase  of  its  growth  and  to  distinguish  it  from  all  other  insects,  and 
will  give  detailed  descriptions  of  the  different  stages  elsewhere.^  On 
Plate  I,  more  particularly,  we  have  represented,  of  natural  size,  all  the 
different  phases,  as  they  may  be  observed  in  the  field. 

THE  EGa. 

The  egg  is  0.6™"  wide,  circular,  much  flattened  and  ribbed,  as  at  Fig.  1. 
Of  a  bright  bluish-green  or  sea-green  when  first  laid,  it  contrasts  suffi- 
ciently with  the  warmer  green  of  the  leaf  to 
be  easily  detected,  even  by  the  naked  eye 
when   practised   (Plate  I,  Fig.  1).     It  is 
laid  singly,  and  fastened  with  such  firmness 
as  not  to  be  easily  removed  without  injury. 
It  is  laid  by  preference,  during  early  sum  mer,      ^...^^^^......j.^ 

on  the  under  side  of  the  larger  and  lower    ^^HBpTa  ^^S 

leaves,  and  seldom  more  than  three  or  four  no.  i.-eoq  of  alexia:  o,ftom  above, 
are  found  on  one  leaf.    In  confinement  and    ^'  ^^^^  *^^®-  <^^®^  Riiey.) 
exceptionally  in  nature  it  will  be  laid  on  the  upper  surface  of  the  leaf, 
or  on  any  other  exposed  part  of  the  plant.    In  autumn,  more  particu- 
larly, the  upper  leaves  receive  a  due  share  of  the  eggs,  and  we  have 
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counted  as  many  as  49  eggs  and  egg-shells  on  a  single  leaf.  With  de- 
velopment the  color  becomes  more  dingy,  or  pale  yellowish,  frequently 
with  brownish  borders  or  a  green  curve,  due  to  the  coiled  embryo,  which 
may  be  seen  through  the  transparent  shell.  The  young  worm  or  larva 
eats  its  way  out  through  an  irregular  hole  on  one  side,  usually  during 
the  morning,  ere  the  dew  is  dissipated,  and  from  three  to  four  days  after 
oviposition.  This  is  the  average  time  elapsing  between  the  laying  of 
the  Q^g  and  the  hatching  of  the  worm  therefmm  in  ordinary  midsummer 
"Weather,  but  the  time  varies  with  the  temperature,  and  a  much  longer 
period  is  required  in  spring  and  late  autumn. 

All  eggi^  perish  that  are  unhatched  when  overtaken  by  frost,  as  is 
not  infrequently  the  case.  The  vacated  and  glistening  shell  is  more 
reailily  noticed  upon  the  green  background  than  the  unhatched  egg. 
At  Fig.  1  we  have  shown  one  of  the  more  perfect  eggs  both  from  above 
(ft)  and  from  the  side  {b),  and  greatly  enlarged,  so  as  to  indicate  the 
Si!nl|)ture,  the  natural  size  being  indicated  between  them. 

Humidity  seems  to  favor  hatching.  Aphides  or  plant-lice  are  quite 
often  mistaken  for  the  eggs  of  this  insect,  while  the  '*  Mealy-bug" (Z>ac<y^ 
opius  sp.),  a  species  of  Aleurodes,  the  eggs  of  the  Lady  birds  {Coccinel- 
liice),  those  of  the  Lace- wings  (Chrysopa),  and  even  a  minute  snail,  not 
uncommon  on  the  cotton  plant,  are  likewise  so  mistaken. 

THE  WORM  OR  LARVA. 

This,  as  it  ap])ears  in  its  different  stages  of  growth  on  Plate  I,  is 
familiar  to  every  planter.  Varying  greatly  in  groundcolor,  it  is  char- 
acterized 1)3'  the  particular  position  of  the  black  i)il- 
iferous  si)ot8  upon  the  head  and  upon  the  body ;  by 
the  white  ring  which  surrounds  each  of  these  spots; 
by  itspure\vhite  subdorsal  lines  and  by  its  elongate  and 
slender  form.  It  is  a  semi  looper,  the  first  pair  of  pro- 
legs  being  very  much  reduced  in  size  and  seldom  used, 
and  the  second  pair,  though  longer,  only  about  half  as 
long  as  the  succeeding  pair.* 

The  worm  molts  five  times   during   growth   and 
changes  appearance  but  little  after  the  first  molt,     Ex- 
cei)tionally  only  four  molts  are  suffered. 
The  newly-hatched  worm  measures  l.G"",  is  of  a 
Fig. 2.-yKwi.T-HATCHKD uniform,  pa!e  dingy  yellow,  marked  as  in  Fig.  2,  with 
TZT2T  'S  P*»li«lie(l,  black,  slightly  elevated  spots,  each  bearing  a 
Riley.)  short,  palc  hair.    Before  the  first  skin  is  shed  the  color 

often  becomes  slightly  greenish  and  sometimes  inclines  to  orange.  After 
the  first  molt  the  piliferous  spots  are  more  conspicuous,  the  hairs  from 
them  longer  and  black,  and  the  characteristic  markings  appear,  though 
less  distinctly  than  after  the  second ;  but  from  this  time  on  the  prevail- 
ing color  is  very  variable,  being  either  entirely  of  various  shades  of  pale 
or  pea-green,  or  more  or  less  intensely  black  along  the  back. 


HABITS   OF   THE   LABVA. 


The  normal  nnmber  of  larval  moles  is  five.  Tins  is  the  number  which 
¥e  have  observed  daring  the  antumn  months,  while  in  midsammer,  when 
the  development  is  more  rapidy  we  have  on  several  occasions  traced  bat 
four.    The  term  of  larval  existence  varies  from  one  to  three  weeks. 

There  is  a  very  general  belief  among  planters  that  the  first  worms  of 
the  season  are  pale  and  the  late  ones  dark,  and  while  both  light  and 
dark  worms  may  always  be  found  together  in  spring,  summer,  or  fall, 
it  is  true  that  the  green  ones  predominate  early  in  the  season  and  the 
dark  ones  later.* 

Immediately  after  molting,  the  body  is  pale  and  without  marking — a 
rale  with  all  molting  animals.   After  the  earlier 
molts,  the  cast-off  skin  which  remains  more  or 
less  fully  stretched,  is  sometimes  eaten. 

Some  of  the  i>ecaliarities  in  the  habits  of  the 
worm  deserve  mention  here,  because  of  their 
practical  bearing. 

Until  after  the  second  molt  it  always  remains 
on  the  under  side  of  the  leaf,  feeding  upon  the 
parenchyma,  and  leaving  untouched  the  coars- 
er veins,  stomata,  and  upper  skin  or  epidermis. 
The  leaves  where  the^'  are  thus  feeding  i>resent 
a  blotched  appearance,  the  semi-transparent 
epidermis  becoming  pale  yellowish,  and  these 
blotches  are,  as  a  rule,  at  once  distinguishable 
from  other  somewhat  similar  ones  made  by  a 
few  other  insects.* 

After  the  worm  begins  to  eat  entirely  through 
the  leaf,  which  is  usually  before  the  third  molt, 
but  sometimes  later,  it  instinctively  ascends 
toward  the  top  of  the  plant  and  feeds  on  the^iQ-9"-^^'-''^oynfCoTTOiiWotm: 

,         -,.  ,,  .        „...  XI         a.  from  side;  6,  from  back;  twlc« 

more  tender  foliage,  "raggmg"  it,  to  use  the   naturauize.  (Afi«rRiiey.) 
expressive  language  of  the  ])lanter. 

It  can  let  itself  down  by  a  web  from  the  moment  of  birth,  but  can  also 
fling  itself  from  oue  part  of  the  plant  to  another  in  a  manner  quite 
characteristic.  The  fling  or  jump  is  made  by  bending  the  fore  and  raised 
part  of  the  body  to  one  side  and  then  suddenly  jerking  it  to  the  opposite 
side, relaxing  meanwhile  the  three  hind  x>airs  of  legs  by  which  it  held  to 
the  plant.  This  is  a  quite  common  mode  of  motion  when  disturbed,  and 
the  normal  way  of  getting  from  one  plant  to  another.  The  maximum 
distance  which  a  worm  can  thus  jump  in  a  horizontal  direction  is  about 
two  feet,  and  it  almost  invariably  alights  on  its  legs.  During  chilly 
weather  in  autumn  this  motion  is  feeble  and  can  be  easily  watched. 
When  not  feeding,  the  worm  either  rests  stretched  straight  on  some 
part  of  the  plant  or  may  be  seen  swaying  its  fore  body  from  side  to  side, 
holding  the  while  by  the  hind  prolegs. 

Though  preferring  the  foliage,  it  will,  when  hard  pushed,  eat  every 
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exposed  part  of  the  plant,  even  barking  and  girdling  the  stems.  In 
feeding  on  the  bolls,  however,  it  does  not  bore  like  the  Boll  Worm 
{Eeliothis  armigera)^  bat  eats  the  external  parts  as  well  as  their  con- 
tents. It  is  not  known  to  thrive  on  any  other  plant  than  cotton,  although 
probability  jwints  to  the  belief  that  there  will  yet  be  found  one  or  two 
more  such  food-plants,  both  at  the  North  and  at  the  South.'' 

As  one  correspondent  naively  puts  it,  "  the  worms  feed  only  on  cotton 
and  one  another,"  the  cannibalistic  propensity  being  freely  indulged 
when  the  occasion  presents.  It  is  a  common  remark  that  the  presence 
of  the  worm  is  easier  detected  by  smell  than  by  sight.  The  planter 
says  that  he  can  "smell  the  worm."  There  is  a  peculiar  odor  arising 
from  the  excrement,  but  particularly  from  the  gnawed  and  mutilated 
leaves,  that  gives  rise  to  this  saying;  but  where  the  worms  are  numer- 
ous and  large  enough  to  render  it  obvious,  there  they  have  already 
existed  several  days,  perhaps  weeks,  in  smaller  numbers. 

When  numerous  enough  to  utterly  defoliate  a  field  before  they  have 
attained  full  growth,  the  worms  will  travel  in  all  directions  on  the 
ground,  and  they  have  been  exceptionally  known  to  collect  together 
and  travel  in  vast  bodies  in  their  search  for  fresh  food. 

THE  CHRYSALIS. 

Having  obtained  full  growth,  the  worm,  in  the  language  of  the  planter, 
"webs  up,"  forming  for  protection  a  more  or  less  perfect  cocoon,  usually 
within  the  fold  or  roll  of  a  leaf  sparsely  lined  with  silken  meshes.  Here 
it  contracts  and  thickens,  the  distinctive  marks  are  nearly  obliterated, 
and  the  green  color  acquires  a  verdigris  hue.  Within  twenty-four  hours^ 
in  midsummer,  the  skin  splits  just  back  of  the  head,  and  is  gradually 
worked  to  the  end  of  the  forming  chrysalis,  now  soft  and  green,  but 
acquiring  in  the  course  of  an  hour  or  more  a  brown  color  and  firmer  con- 
sistence. This  chrysalis  state  lasts,  on  an  average,  about  a  week  in  hot 
weather,  but  may  extend  to  thrice  that  time  with  lower  temperature. 
Where  necessity  obliges,  the  worm  will 
spin  up  on  any  other  plant  or  in  any 
situation  that  offers  shelter.  In  con- 
finement it  will  make  a  cocoon  on  the 
surface  of  the  ground,  covering  and 
disguising  the  same  with  particles  of 

earth,  or  it  will  even  trai  storm  on  the  show  cromaster  frum  tht»  side  (a)  and  from  be- 

ground  without  silk  or  shelter.  Such  "^"'^  ^'^'  ^^'^'  '"^""''^ 
cases  rarely  if  ever  occur  in  a  state  of  nature,  but  when  the  worms  are 
very  numerous  in  a  field  the  chrysalides  frequently  have  their  leafy  pro- 
tection eaten  away,  so  that  many  of  them  either  hang  by  the  few  hooks 
at  the  extremity,  or  fall  to  the  ground.  In  no  case,  however,  does  the 
worm  burrow  in  the  ground  as  does  the  Boll  Worm,  or  could  the  moth 
issue  from  the  chrysalis  were  the  latter  accidentally  buried  even  an  inch 
beneath  the  surface. 


CHARACTERS   OF  THE  MOTH. 


We  shall  presently  see,  in  discussing  the  hibernation  of  the  species, 
that  it  is  quite  important  to  distinguish  between  this  chrysalis  and 
others  that  closely  resemble  it,  and  to  enable  the  reader  to  more  readily 
do  so  an  enlarged  outline  is  here  Introduced.  The  color  varies  from 
light  mahogany-brown  to  deep  purplish-brown,  while  the  general  form 
is  that  belonging  to  many  other  chrysalides.  Neither  form  nor  color 
can  serve,  then,  as  distinguishing  traits,  and  the  same  is  true  of  size. 
The  peculiar  form  of  the  cremaster,  or  anal  tubercle  bearing  the  hook- 
lets  (Fig.  4),  will  prove  the  best  and  safest  criterion,  and  any  chrysalis 
found  in  a  cotton  field  that  has  a  different  tip  may  be  safely  dete  mined 
as  not  that  of  the  Cotton  Worm.  The  duration  of  the  chrysalis  state 
also  averages  about  fifteen  days.  We  have  known  it  to  last  but  seven 
days,  and  Mr.  Glover  records  its  lasting  thirty  days.* 

THE  MOTH,  OB  IMAGO. 

The  moth  measures  from  IJ  to  1 J  inches  from  tip  to  tip  of  wings  when 
these  are  expanded.  Its  gc»neral  color,  above,  is  olivaceous,  more  or 
less  effectually  subdued  by  lilaceous  or  purple 
hues,  and  often  having  a  clay-yellow  or  faintly 
golden  cast.  The  under  side  is  more  gray,  with 
nacreous  reflections. 

The  markings  that  more  particularly  charac- 
terize and  distinguish  it  from  all  other  North 
American  moths  are  certain  undulating^vinous 
or  carmine  lines  across  the  front  wings,  a  dark 
oval  si>ot  near  their  disc,  containing  pale  scales 
which  usually  form  a  double  pupil  (the  basal  ot 
inner  pupil  the  smaller  and  whiter),  and  three 

white  specks  divid'     p,o.  6.-^uTi.ncE  of  alktia: 

«M/v      fh^      ov%n/*d»  Bbowing  chBra<'t4^riHtio  marks  and 
%ng      me      space  whiteBpeck8(aoa)~lwlce  nata- 

beticeen  this  dark  ~i»i««-  (After  Riiey.) 

spot  and  the  shoulder  in  about  three  equal 

parts.    (Fig.  5,  a  a  a,) 

The  sexes  are  not  readily  distinguish- 
able, as  the  relative  stoutness  of  the  male 
antennae  compared  with  those  of  the  female 
is  so  slight  as  to  be  no  safe  guide.  An 
examination  of  the  tip  of  the  abdomen, 
especially  from  the  side,  will  always  show 
the  difference,  however,  the  last  joint  in 
^  "^     the  male  (Fig.  G,  a)  being  the  longer  and 

T  b:'£SJ^''^^^L?i:t'\^^r  more  full,  and  the  pale  tufts  of  hair  that 
^^y>  belong  to  the  withdrawn  genitalia^  show- 

ing within  or  beyond  the  squarely  docked  tip;  while  in  the  female  (Fig. 
6, 6)  this  joint  is  shorter,  more  pointed,  and  obliquely  truncate  beneath. 


*  Report  of  Commiaaioner  of  Patents,  for  1855;  Agricaltare,  p.  73. 
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The  habits  of  this  moth  can  only  be  stndied  at  night,  as,  like  almost 
all  the  rest  of  its  family,  it  is  nocturnal.  During  the  day  it  simply  starts 
Q])  when  disturbed,  and  darts  by  swift  and  low  flight  to  some  other  shel- 
tered spot  a  few  yards,  or  perhaps  rods,  away.  After  sunset,  however^ 
it  may  be  seen  leisurely  hovering  about,  either  bent  on  the  perpetua- 
tion of  its  kind  or  feeding  upon  whatever  sweets  it  can  gety  whether 
from  the  cotton  or  from  other  sources.  It  is  very  strong  and  swift  of 
wing,  and  capable,  when  the  necessity  arises,  of  flying  loiig  distances. 
In  alighting  upon  the  plant  it  generally  turns  its  head  downward,  and, 
when  it  rests,  the  wings  are  but  shallowly  roofed,  the  front  ones  closed 
along  the  back  and  fully  hiding  the  hind  ones.  In  this  respect  it  may 
always  be  distinguished  from  the  parent  of  the  Boll  Worm,  which  rests 
with  the  front  wings  partly  open  and  not  entirely  covering  tlie  hind 
on<'8. 

The  female  begins  to  Lay  her  eggs  in  from  two  to  four  days  after  issu- 
ing from  the  clirvsalis,  the  time  varying  with  the  different  generations 
and  according  to  temperature. 

In  c^xperimeuts  which  we  bave  made  with  moths  confined  in  vivaria, 
eg;:8  have  sometimes  been  laid  thirty-six  hours  after  issuing,  and  the 
moths  have  continued  laying  for  twenty-one  nights,  the  number  laid 
each  night  ranging  from  4  to  45. 

Examination  of  the  ovaries  of  females  at  different  seasons  shows  a 
much  greater  prolificacy  than  belongs  to  most  moths,  as  the  number  of 
well-developed  ova  may  reach  /JOO,  and  of  potential  ova  half  as  many 
more.  In  confinement  it  is  difficult  to  obtain  from  one  female  more  than 
300  eggs,  but  that  fully  double  this  number  are  produced  in  the  field 
during  the  height  of  the  season  there  can  be  little  doubt,  while  the  aver- 
age number  may  be  estimated  at  about  400. 

The  natural  food  of  the  moth,  as  wo  first  indicated  in  the  fall  of  1878,* 
is  the  sweet  exudation  from  the  glands  ui)on  the  mid-rib  of  the  leaf  and 
at  the  base  of  each  lobe  of  the  involucre  of  the  cotton  plant.^  Never- 
theless it  is  attracted  to  all  kinds  of  sweets,  and  in  most  parts  of  the 
South  it  finds  a  bountiful  supply  in  the  exudation  from  the  spikes  of 
raspalum  IcevCy  a  tolerably  common  grass,  but  particularly  in  that  copi- 
ously secreted  by  glands  at  the  apex  of  the  peduncle  just  above  the  pods 
of  the  Cow-pea  {Dulichos).  In  the  spring  of  the  year,  as  Judge  Bailey, 
of  Marion,  Ala.,  has  observed,  it  may  often  be  seen  in  the  evening  feed- 
ing in  numbers,  first  from  the  blossoms  of  the  Chicasaw  plum,  and  sub- 
sequently from  those  of  the  peach,  Chinese  quince,  mock  orange  {Cerc^ 
8U8  carolinen8i8)j  the  early  apples,  and  blackthorn.  Later  in  the  sea- 
son, when  the  glands  above  mentioned  begin  to  exude  and  the  tree 
blossoms  are  no  more,  the  moths  do  not  seem  to  be  attracted  by  other 
nectar-storing  fiowers,  since  observations  in  different  Southern  States  by 
ourself  and  assistants  have  resulted  in  finding  but  one  species  of  verbena 
( Verbena  aubletia  L.)  frequented,  even  where  both  moths  and  all  sorts  of 

*  See  Atlanta  (Ga.)  OonttUuium  September  20,  and  Sdentifio  Amtrican  KoYember  16»  1S78. 
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flowers  were  abundant.  But  frnits  of  all  binds  as  they  ripen  are  re* 
sorted  to,  and  figs,  apples,  i>eacbesy  plums,  apricots,  ^apes,  persimmons, 
and  even  melons,  are  often  greatly  injured. 

Carefully  examined,the 
to»gue  is  seen  to  be  armed 
along  its  terminal  half 
with  stout  and  sharp 
spines  prodjecting  for- 
ward from  the  upper  sur- 
face   and    increasing  in 

density    toward    the    tip,  yiq.  7.— Cottoh  Moth:  a,  with  wmg$  expanded,-  b,  with  wing* 

Which  is  beset  with  them  ^*"'**^-  (^^^^  ii"«y) 

on  all  sides.  It  is  by  means  of  this  spinous  tip  of  the  tongue  that  the 
moth  works  a  hole  in  these  fruits,  and  is  thus  euabled  to  absorb  the 
more  liquid  portions.  Apple  pomace  is  especially  attractive  to  them. 
We  have,  in  fact,  been  quite  astonished  at  the  perforating  power  of 
the  proboscis  as  exemplified  in  the  puncturing  of  hard,  unripe  pears. 
We  have  known  such  to  be 
punctured  quite  deeply,  the 
effect  of  the  puncture  being  to 
soften  and  discolor  the  fruit 
for  some  distance  around. 
The  accompanying  illustra- 
tion (Fig.  8),  which  gives  an 

enlarged  view  of  the  partly     if  ^ 

coiled  proboscis  and  a  still    fio.  s— PnoBoscwop  albtiai  c,  the  cMied  proho•cl«^ 

^  I  i^ivi».  ...»^.«:a^^i    •^i^^*  ™*-"'fl'''l  about  10  diametirrt;   6,  tin  of  do.,  more  highly 

more  highly  magnified  view  maKuifled.  (Xh.  rorpaudo,  dw.)  ^ 

of  its  tip,  will  explain  more  clearly  than  words  its  adaptation  to  such 
puncturing.  The  stiff  and  sharp  spines  are,  in  fact,  admirably  suited 
for  rasping  and  lacerating  the  pulp  and  thus  setting  free  its  juice.  This 
pancturing  habit  is  possessed  by  several  other  moths,  and  notably  by 
an  Australian  species  {Ophideres  fullo)iica\  which  is  very  injurious  to 
oranges,  and  the  structure  of  the  proboscis  of  which  has  been  well  illus- 
trated by  Mr.  Kiinckel.^  A  number  of  our  own  North  American  species 
of  NoctaidsB  likewise  have  the  tip  of  the  i^roboscis  more  or  less  spinose, 
indicating  that  they  also  possess  the  power  of  extracting  juices  from 
other  sources  than  the  nectaries  of  flowers. 


THaS  ELAPSING  PROM  ONE  aENEEATION  TO  ANOTHER. 

This  varies  according  to  temperature,  and  therefore  according  to 
Beason.  There  is  increasing  activity  and  acceleration  in  development 
from  the  first  appearance  till  July,  and  thenceforth  decreasing  activity 
and  retardation  in  development  till  frost.  Thus  in  midsummer  the 
vhole  cycle  of  individual  life,  from  the  hatching  to  procreation,  may 
oocapy  less  than  three  weeks ;  while  in  spring  and  late  autumn  it  may 

*  Compter  Bendu  (French  Academy),  August  30, 1675. 
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occupy  twice  that  time.  Taking  the  whole  season  through,  however, 
the  time  from  the  egg  of  one  generation  to  that  of  another  will  average 
about  one  month.^* 

TIME  OF  TEAS  WHEN  THE  FIBST  WOBMS  APPEAB. 

Until  the  Cotton  Worm  investigation  was  begun,  our  knowleilge  as 
to  the  earliest  appearance  of  the  worms  was  not  only  vague,  but  mis- 
leadiug.  The  statement  emphasized  by  Mr.  Grote  in  the  paper  already 
referred  to,  namely,  that  the.worm  does  not  appear  earlier  than  the  latter 
part  of  June  in  the  central  portion  of  the  cotton  belt  of  Alabama  and 
Georgia,  very  fairly  echoes  the  prevailing  popular  belief  on  the  subject; 
yet  (tareful  investigation  shows  the  statement  to  be  essentially  erroneous. 
The  date  of  earliest  appearance  varies  with  location,  and  largely  with 
the  curves  of  isochimal  lines;^^  it  also  differs  somewhat  in  different  years 
in  the  same  location,  according  as  the  season  may  be  late  or  early ;  and, 
lastly,  it  may  differ  to  some  extent  in  different  parts  of  the  same  re- 
stricted locality,  worms  having  been  found  just  hatching  in  one  place 
when,  only  a  few  miles  distant,  others  were  found  nearly  full  grown. 

While  these  modifying  circumstances  complicate  consideration  of  the 
subject,  it  is  easy  to  arrive  at  definite  results  by  taking  as  a  basis  obser- 
vations made  at  a  few  particular  points  during  the  year.  Hence  we 
felt  the  importance  of  having  such  observations  made  during  the  spring 
of  1879  in  South  Texas  and  South  Alabama  at  those  places  where  the 
worm  was  reported  to  have  appeared  earliest  in  past  years.  As  a 
result,  the  fact  was  fully  established  that  the  first  worms  of  the  season 
may,  and  do,  in  ordinary  years,  hatch  from  the  middle  of  April  to  the 
middle  of  May  in  the  southern  portion  of  the  cotton  belt.  And,  more* 
over,  all  the  facts  showed  that  this  season  was  a  late  one,  for  April 
frosts  retarded  the  starting  of  cotton  in  those  very  sections  of  Alabama 
where  the  worms  were  first  found ;  while  it  is  the  unanimous  opinion  of 
planters  in  South  Texas,  where  the  worms  were  first  noticed,  that  cotton 
was  from  two  to  three  weeks  later  in  1879  than  usual.  Therefore,  when 
in  the  spring  of  1882  we  found  the  worms  of  all  sizes  on  rattoon  cotton 
during  the  latter  part  of  March,  in  South  Georgia  and  Florida,  we  were 
not  surprised,  although  this  was  fully  six  weeks  earlier  than  they  had 
ever  before  been  noticed  or  recorded." 

The  first  worms  are  always  comparatively  few  in  number  and  in  iso- 
lated spots.  They  are,  therefore,  easily  overlooked  by  all  who  do  not 
take  particular  paios  to  search  for  them.  From  such  spots  as  centers 
the  worms  multiply  and  spread  in  subsequent  generations,  with  greater 
or  less  rapidity,  according  as  the  conditions  are  favorable  or  otherwise* 
Such  iucrease  and  spread  may  be  confined  to  some  part  of  a  given  county 
until  the  cotton  is  nearly  ruined  before  the  cotton  in  the  rest  of  the 
county  is  affected.  The  worms  will  then  first  appear  in  the  remainder 
much  more  suddenly  and  numerously  than  they  did  in  the  former,  the 
pareut  moths  migratiug  thereto  in  bevies.  As  a  rule,  however,  the 
spread  in  the  southern  portion  of  the  belt  is  gradual  and  the  worm  in 
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destrnctive  nambers  is  preceded  by  one  or  more  scattering  generationB 
in  the  same  field. 

Other  things  being  eqaal,  the  worm  mnst  appear  earliest  in  the  soath- 
eramost  latitudes,  since  extended  observations  on  the  api)earance  of 
other  insects  show  that  there  is  retardation  of  from  four  to  seven  days 
with  each  degree  of  latitude  northward.^^ 

There  is,  in  normal  seasons  of  little  injury  to  the  crop,  a  similar  re- 
t^dation  northward  in  the  appearance  of  the  Cotton  Worm  within  the 
fionthem  portion  of  the  belt,  corresponding  in  some  measure  with  the 
growth  and  development  of  the  plant ;  and  it  is  a  notable  fact  that  the 
worm  is  seldom  noticed  and  never  in  great  numbers  before  the  plant  be- 
gins to  bloom.  What  is  generally  under  these  circumstances  called  the 
first  brood  or  "crop''  has  been  preceded  by  at  least  one  and  often  two 
generations  sparsely  distributed  over  the  fields.  Yet  in  years  when  the 
worm  abounds  to  a  disastrous  extent  in  the  southern  portion  of  the  belt, 
its  appearance  in  the  northern  or  temporary  portion  cannot  be  counted 
on  with  any  certainty  as  to  time,  because  it  is  always  the  result  of  mi- 
grations in  the  winged  state,  and  these  migrations  may  be  more  or  less 
extended  according  to  circumstances.  Between  the  first  appearance  of 
the  worm  in  the  southern  and  northern  portions  of  the  belt  there  is, 
therefore,  a  marked  difference  ordinarily  observable,  it  being  in  the  let- 
ter much  later  and  in  far  greater  numbers. 

NT7MBEB  OF  ANNUAL  GENERATIONS. 

The  general  impression  and  belief  that  prevails  in  the  South  is  that 
there  are,  in  those  sections  where  the  worm  is  most  injurious,  three 
broods  or  generations,  or,  as  the  planter  puts  it,  '*  crops,"  each  year. 
This  statement  of  the  case  has  also  been  accepted  as  correct  by  most 
previous  writers  on  the  subject."  It  is,  however,  essentially  erroneous, 
fio  far  as  the  southern  portion  of  the  cotton  belt  is  concerned,  as  tiie 
earlier  and  later  generations  are  not  taken  into  account,  but  overlooked. 
The  api>earance  of  the  first  generation  has  already  been  discussed,  and 
it  occurs  during  the  latter  part  of  April  and  in  May  in  the  more  soutliern 
portions  of  the  belt,  and  even  in  March  in  Florida.  One  p^oneration 
follows  another  continuously  from  that  time  on,  just  so  long  as  there  are 
any  leaves  to  be  devoured,  and  we  have,  by  protecting  both  plant  and 
insect  from  firost,  kept  the  moths  ovipositing  in -the  city  of  Washin;;ton 
all  through  November ;  while  the  worms,  under  like  conditions,  have 
batched  through  the  early  part  of  December,  matured,  and  spun  up 
about  Christmas  time. 

Careful  observations  and  experiments  in  1879  in  South  Texas  show 
that  at  least  seven,  and  probably  even  more,  annual  generations  are 
produced  there.  The  first  two  generations  are  generally  well  separated, 
but,  owing  to  the  irregularity  in  egg-laying  and  in  individual  develop- 
ment, the  later  generations  so  cross  each  other,  that  the  insect  may  be 
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found  in  ail  stages  in  the  same  field  at  one  and  the  same  time.  Yet  the 
succession  of  broods  may  be  recognized  by  the  condition  of  the  bulk  of 
the  specimens  in  the  field  or  by  confining  the  insects  for  the  better 
watching  of  them. 

The  first  generation,  as  we  have  seen,  is  confined  to  spots.  The  sec- 
ond generation  is  more  dispersed,  but  still  restricted  to  areas  in  the 
vicinity  of  the  hibernating  centers.  The  third  generation  of  worms 
may  become,  under  favoring  conditions,  not  only  widespread  but  dis- 
astrous, and  the  moths  produced  from  them  so  numerous  that  they 
acquire  the  migrating  habit.  This  generation  appears  in  South  Texas 
during  the  latter  part  of  June,  nud  in  South  Alabama  and  Georgia 
somewhat  later.  This  is  usually  the  supposed  first  brood  in  those  sec- 
tions, t.  e.j  the  first  which  attracts  general  attention.  The  subsequent 
generations  naturally  become  more  and  more  widespread,  and  the  in- 
crease during  July  and  August,  188(1,  was  noticeable  in  the  face  of  mete- 
orological conditions  unfavorable  thereto.  The  worms  during  these 
months  will  appear  in  those  fields  in  which  they  did  not  appear  earlier, 
as  on  sandy,  elevated  prairies,  soils  or  lands  where  the  growth  of  the 
plant  was  retarded  from  late  planting,  overflowing,  the  injury  of  the 
plant-lice,  or  whatever  cause.  If  the  weather  be  favorable,  this  August 
generation  will,  when  unmolested,  carry  ruin  in  its  wake.  Did  one  gen- 
eration follow  another  in  the  natural  ratio  of  multiplication,  such  is  the 
fecundity  Of  the  species  that  there  would  be  no  hope  of  profitably  culti- 
vating cotton.  Fortunately  for  man,  some  of  the  earlier  generations 
are  liable  to  be  so  effectually  kept  in  check  by  natural  enemies  and 
other  adverse  influences  that  they  become  innocuous  and  frequently  es- 
cape notice.  This  fact  was  strikingly  illustrated  in  May,  1870,  in  Col- 
orado and  Lavaca  Counties,  in  Texas,  where  the  second  generatioUi 
which  hatched  in  sufficient  numbers  in  most  fields  to  create  alarm,  never- 
theless vanished  before  its  enemies  so  completely  that  it  was  difficult,  a 
little  later,  to  find  a  perfect  chrysalis. 

That  this  second  generation  may  exceptionally  become  very  injurious  is 
shown  from  records,  to  the  effect  that  in  the  early  part  of  June  of  the  same 
year,  wh  ile  the  cotton  stem  was  yet  tender,  whole  plantations  in  the  low  bot- 
tom lands  of  Louisiana  have  been  eaten  to  the  ground ;  but  that  it  more 
often  i)roves  harmless  is  probable  for  various  reasons.  The  plaut-lice, 
which  are  apt  to  be  very  numerous  on  the  very  young  cotton,  partially 
disappear  before  their  natural  enemies  by  the  time  this  second  brood 
of  worms  is  developing.  The  ants,  which  were  previously  supplied 
with  food  by  the  plant-lice,  have  now  multiplied,  and  are  forced,  by  the 
decrease  of  the  aphides,  to  seek  other  food.  They  are  consequently 
more  efi'ectual  in  destroying  the  young  worms.  All  the  other  enemies 
of  the  worm  are  also  more  active  during  the  month  of  June,  and  gre- 
garious birds,  like  the  blackbirds  and  ricebirds,  are  very  common  during 
that  month,  but  generally  leave  the  fields  later. 

In  the  northern  portion  of  the  cotton  belt  the  number  of  annual  gen- 
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eratioos  18^  of  coarse,  fewer,  and  will  vary  according  to  the  date  of  the 
iocoming  of  moths  from  the  farther  south,  and  according  tq  other  cir- 
eomstances.  The  generations  are  not  only  fewer,  therefore,  bat  more 
easily  separated  and  defined. 

MIGRATIONS. 

Many  persons,  noting  the  short  and  clumsy  though  rapid  and  darting 
flight  of  the  moth,  when  disturbed  during  the  day-time,  get  the  idea  that 
it  is  incapable  of  extended  flight.    But  it  has  great  power  of  wing,  and 
its  migrating  habits  are  abundantly  attested.    It  has  been  observed  in 
oambers,  far  out  at  sea,  and  captured  in  autumn  off  the  coast  of  New 
England,  around  Chicago  and  around  Buffalo — ^the  species  being  idonti- 
fied  by  competent  entomologists  like  Packard,  Burgess,  Orote,  and 
Westcott.    We  have  known  it  to  do  considerable  injury  during  Septem- 
ber to  peaches  in  Kansas,  and  to  ruin  acres  of  cautelopes  during  the 
fiame  month  as  far  north  as  Bacine,  Wis.    That  it  is  aided  in  these  dis- 
tant flights  by  favoring  winds  there  can  be  no  doubt,  but  that  it  does 
not  depend  on  them  for  dispersion  is  equally  certain.    A  factor  to  be 
considered,  also,  in  connection  with  these  northern  appearances,  is  the 
probable  existence  of  one  or  more  northern  food-plants.'^ 

Dr.  D.  L.  Phares  records  the  destruction,  by  the  worms,  of  cotton  the 
first  year  planted,  eighty  miles  from  any  point  where  cotton  had  been 
grown  before;  while  Mr.  H.  P.  Bee  (see  letter  in  Appendix)  shows  that 
they  api)eared  in  Mexico  on  cotton  planted  two  hundred  miles  from  any 
other  fields.    Numerous  similar  cases  might  be  mentioned. 

The  migrating  habit  is  common  to  many  insects  and  other  animals, 
but  is  almost  always  associated  with  excessive  multiplication.  Such 
is  likewise  the  case  with  Aletia,  as  the  observations  of  past  years 
have  clearly  shown.  So  long  as  the  worms  are  not  numerous  enough 
to  materially  riddle  the  cotton,  the  moths  produced  from  them  busy 
themselves  with  ovipositing  in  the  neighborhood  where  they  were  born, 
spreading  only  comparatively  short  distances  on  all  sides ;  but  when- 
ever the  cotton  is  well  <^  ragged,"  then  the  moths  acquire  the  migrating 
habit  and  appear  in  numbers  everywhere — in  town  and  village,  and  at 
lights  far  away  from  cotton-fields.  The  time  of  year  when  this  migrating 
habit  is  acquired  varies,  but  it  is  rarely  till  after  the  third  genera- 
tion of  worms,  or  the  latter  x)art  of  Juno  and  fore  part  of  July  in  South 
Texas;  while  it  is  most  pronounced  during  the  autumn  months.  At 
sach  times  the  moths  may  be  noticed,  during  cloudy  days,  starting  off 
by  rapid  flight  and  ascending  high  in  the  air  till  lost  to  sight;  and  the 
contrast  between  this  movement  and  the  darting  and  hiding  of  the 
normal  day-flight  is  quite  striking  to  any  one  who  has  witnessed  it. 

HIBEENATION. 

1^0  question  connected  with  the  Cotton  Worm  has  given  rise  to  more 
speculation  than  that  of  the  hibernation  of  the  insect,  and  this  fact  at 
once  finds  its  explanation  in  the  difQcnlty  that  surrounds  the  subject. 
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As  partly  illastrating  this  difficulty  it  will  be  well  to  elaborate  the 
Btatemeuts  made  in  a  paper  read  by  the  writer  before  the  National 
Academy  of  Science  at  its  meeting  in  Washington  in  the  spring  of  1879. 

There  are  three  principal  theories  on  the  subject  that  are  worthy  of 
consideration,  and  that  are  held  by  those  with  whom  we  have  come  in 
contact,  or  with  whom  we  have  corresponded.    These  are: 

1st.  That  it  hibernates  in  the  chrysalis  state. 

2d.  That  it  hibernates  as  a  moth. 

3d.  That  it  does  not  hibernate  in  any  part  of  our  cotton-growing 
States,  but  comes  into  them  on  the  wing  from  warmer  climates  where 
the  cotton-plant  is  perennial. 

Some  few  persons  think  that  it  winters  in  the  egg  state  in  cotton* 
seed  or  on  the  dead  stalk  of  the  plant ;  but  such  views  may  be  disposed 
of  by  the  statement  that  they  are  unsupported  by  even  the  appearance 
of  fact. 

At  first  blush  it  would  seem  easy  enough  to  dispel  whichever  of  these 
theories  is  erroneous  and  settle  the  question  under  consideration  by  a 
few  simple  fietcts  of  observation.  The  trouble  is,  however,  to  get  at  the 
facts. 

About  one-fourth  of  the  intelligent  people  of  the  South  hold  the  opin- 
ion that  this  Aletia  hibernates  in  the  chrysalis  state,  some  believing  tihat 
it  does  so  above  ground,  others  that  it  retreats  beneath  the  surface  of 
the  ground.  It  has  genenilly  been  stated  by  the  writers  on  this  insect 
that  the  chrysalis  could  not  endure  the  slightest  frost.  We  have  been 
able  to  prove  that  it  will  suffer  with  impunity  a  temperature  of  from  five 
to  ten  degrees  below  the  freezing  point,  but  that  it  cannot  withstand  a 
lower  temperature;  and* all  those  chrysalides  which  do  not  give  out  the 
moth  before  severe  cold  weather  sets  in  perish  beyond  any  doubt  How 
easily  men  are  misled  even  on  this  point,  however,  may  be  gathered  from 
thefiict  that  Dr.  Anderson  kept  what  he  believed  to  be  living  specimens 
until  after  the  severe  cold  of  December.  A  careful  examination  proved 
that  the  lifelike  motions  of  such  chrysalides  were  due  to  the  living  pupa 
which  they  contained  of  one  of  the  parasites  {Pimpla  congumtor)  pres- 
ently to  be  described.  The  larger  proportion  of  chrysalides  that  are 
not  empty  after  a  severe  frost  has  occurred  are  infested  with  some  kind 
of  parasite,  though  many  of  them  have  perished  from  the  effects  of  the 
frost  and  are  either  rotten  or  moldy. 

Any  number  of  intelligent  planters  insist  that  they  plow  up  the 
chrysalides  in  spring,  and  the  belief  that  the  last  brood  works  beneath 
the  ground,  out  of  reach  of  frost,  is  very  firmly  held  by  some  of  the 
most  experienced  cotton  growers;  but  in  every  instance  that  has  come 
to  our  knowledge  the  chrysalides  thus  plowed  up  have  proved  to  be- 
long to  other  species,  most  of  them  of  the  same  family,  and  many  of 
them  having  a  sufficiently  close  resemblance  to  those  of  Aletia  to  con- 
found any  but  the  most  skilled  and  experienced  entomologist.  As  an 
illustration  of  the  ease  with  which  erroneous  conclusions  can  be  drawn 
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from  mistaken  identity,  we  will  here  qnote  part  of  a  letter  received 

from  Professor  Willet,  who  has  particularly  interested  himself  in  this 

subject    "I  have  received  to-nij^ht,^  writes  Professor  Willet,  ''from 

Sev.  Robert  Harris,  of  Cairo,  Thomas  County,  Georgia,  a  small  tin  box 

ioclosiiig  25  chrysalides,  which  I  forward  you  by  mail.    Mr.  Harris  is 

ED  ardent  believer  in  the  subterranean  hibernation  of  the  chrysalis  of 

Aletia  argillacea.    I  transcribe  the  portion  of  his  letter  pertinent  to  the 

case: 

*  QA.rao,  Ga.,  February  22, 1879. 

^Washington's  birthday  and  victory.  Pertteverantia  vincit  The  facts 
drive  "analogy"  to  the  wall.  Here  they  are:  25  cotton-worm  chrysa- 
lides plough^  up  out  of  the  ground  in  a  field  that  was  riddled  by  the 
insects  last  tail. 

^Tbis  is  unimpeachable  evidence,  and  in  the  opinion  of  the  court  is 

amply  sufficient  to  convict  the  prisoner.'  , 

* 

"The  chrysalides,"  continues  Professor  Willet,  ** appear  to  my  eye 
Tery  like  Aletia  chrysalides  which  I  have  in  spirits,  and  I  await  your 
verdict  with  interest." 

The  chrysalides  referred  to  in  this  instance  resemble  those  of  Aletia  so 
thoroughly  in  form,  size,  and  general  appearance  that  they  might  have 
been  mistaken  therefor  even  by  some  entomologists ;  yet,  from  certain 
minute  structural  differences,  easily  observable  with  a  good  lens,  we  were 
able  at  once  to  decide  that  they  belonged  to  another  insect,  the  Aftpila 
vireiceiMofFabricius,  a  beautiful  moth,  with  olivaceous  primaries,  marked 
with  three  distinct,  pale,  transverse  lines,  relieved  by  coincident  deeper 
shades,  the  translucent  green  larva  of  which,  speckled  with  minute,  pale, 
fleshy  elevations,  we  have  found  feeding  on  Solanum  Heglinge  in  Saint 
louis." 

There  are  many  species  of  night-flying  moths  which  go  through  their 
transformations  beneath  the  ground,  and  there  hibernate  in  the  chrysalis 
state.  The  leaves  of  the  cotton-plant  are  palatable  to  a  very  large  num- 
ber of  such,  while  the  Boll- worm  {Heliothis  armigera)  and  the  ^^Grass- 
worm"  {Laphygma  frugiperda)^  which  thus  transform,  are  sometimes 
very  abundant  in  a  cotton-field.  It  is  not  at  all  surprising,  therefore, 
that  the  chrysalides  should  be  plowed  or  dug  up  in  land  planted  to  cot- 
ton. All  of  them,  upon  careful  scrutiny,  will  be  found  to  dififer  from  the 
chrysalis  of  Aletia,  which  may  be  distinguished  by  its  slender  form,  and 
particularly  by  the  tip  of  the  body  with  its  armature,  as  shown  in  Fig.  4. 
In  short,  the  nature  of  the  Aletia  chrysalis  effectually  prevents  it  from 
working  beneath  the  ground,  except  where,  dropping  out  of  its  cocoon, 
it  hapfiens  to  fall  into  some  crack  or  crevice,  and  thus  wriggle  beneath 
the  surface.  It  is  also  contrary  to  all  analogy  that  a  chrysalis  normally 
foand  above  ground  in  a  cocoon  should  work  beneath  the  soil;  lor  all 
insects  that  pupate  under  ground  descend  while  in  the  larva  state. 

Experiments  which  we  have  repeatedly  made  prove  that  the  Alotia 
chrysalis,  when  placed  under  ^ound,  either  rots  and  perishes  or  the 
63  CONG 2 
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motlif  if  in  a  safflciently  advanced  state  when  the  chrysalis  is  bnried,  will 
yainly  attempt  to  escape  aud  pnsh  through  its  unnatural surroandings 

Kegarding  the  ability  of  the  moth  to  surrive  the  winter,  nearly  one- 
half  of  tl^  more  intelligent  correspondents  state  that  they  have  known 
the  moth  to  be  found  flying  during  warm  days  in  the  winter,  and  that 
it  consequently  hibernates  in  that  state.  Mr.  John  T.  Humphreys,  of 
Morganton,  N.  0.,  who  was  for  a  while  employed  by  the  State  of  Georgia 
in  entomological  work^  says  that  he  has  absolute  proof  of  the  hiberna- 
tion of  the  moth. 

Page  after  page  of  testimony  and  experience  from  the  most  competent 
and  reliable  planters  might  be  adduced  in  support  of  the  fact  that  the 
moth  is  to  be  seen  either  hidden  in  sheltered  situations  or  flying  during 
the  milder  weather  of  winter  and  in  spring,  in  all  of  the  southern  por- 
tion of  the  belt.  The  situations  in  which  it  is  most  often  re]>orted  as 
sheltering  are  under  the  shingles  of  gin-houses,  under  rails,  and  under 
the  loose  bark  and  in  the  hollows  of  trees  and  prostrate  logs.  In  old 
pine  stumps  the  sapwood  separates  from  the  heart-wood  and  forms  ex- 
cellent retreats  for  this  puri)ose.  The  general  hue  of  the  large  scales  of 
pine  bark  is  sufficiently  close  to  that  of  the  moth  to  make  the  resem- 
blance protective.  A  dense  forest  of  long-leaved  pines  also  modifies 
and  equalizes  the  winter  temperature.  These  facts  would  lead  one  to 
suppose  that  pine  forests  offer  unusually  favorable  conditions  for  hiber- 
nation, and  Mr.  Humphreys  has,  in  fact,  found  the  moth  hibernating 
under  pine  scales,  while  some  of  our  most  reliable  correspondents  rei)ort 
having  seen  the  moths  sporting  in  great  numbers  in  the  edges  of  pine 
forests  during  the  month  of  March. 

Nevertheless,  the  persistent  search  by  Mr.  Schwarz  in  the  winter  of 
1878-^79^%  under  our  direction,  failed  to  reveal  the  moth  under  pine 
bark;  whereby  we  were  led  to  the  conclusion  that  it  seeks  winter 
shelter  some  distance  from  the  ground.  It  has  been  reported  by  some 
oorrespondents  in  greatest  numbers  in  swamps  of  sweet  gum,  oak,  mag- 
nolia, poplar,  &c.,  such  as  are  found  in  southern  Alabama.  These 
swamps  are  warm,  moist,  and  miasmatic,  and  the  moths  are  said  to  have 
been  seen  literally  packed  together  in  a  torpid  state  in  the  hollows  and 
burrows  made  in  rotting  logs  by  boring  larvaB. 

The  evidence  on  this  point  of  the  hibernation  of  the  moth  would  be 
overwhelming  did  it  come  from  scientific  observers ;  but,  uufortunatelji 
allied  species  are  so  often  and  so  easily  mistaken  for  Aletia  that  doubt 
still  surrounds  the  subject.  The  liability  to  confound  hibernating  spe- 
cies is  all  the  greater  in  that  characteristic  markings  are  more  or  less 
effaced  or  faded.  The  Hypena  acabralis  (Fabr.),^'  a  moth  belonging  to  a 
different  group  {Deltaids)^  and  which  hibernates  in  the  imago  state  all 
over  the  country,  is  especially  common  in  the  Southern  States,  and  large 
numbers  have  been  sent  to  us  as  the  genuine  Aletia.  It  is  nearly  of 
the  same  size  and  form,  and  while  normally  of  a  darker  brown,  faded 
hibernating  specimens  are  easily  mistaken  for  the  Gotten  Moth  because 
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of  nndalating  darker  lines  across  the  front  wings,  somewhat  similar  to 
those  on  the  latter.  Its  palpi  are  longer  and  snoat^Iike,  and  its  front 
wings  invariably  lack  the  dark  discal  spot  and  the  white  si^ecks  char- 
acteristic of  Aletia. 

Phoberia  atom/iris  Hiibn.,^'  and  many  other  similar  moths,  have  l)eea 
forwardetl  with  the  remark  that  they  were  the  Cotton  Moth;  while  Xeu- 
emna  unipuneta  Haw.,  the  pa- 
rent of  the  Northern  Army  ^         ^ 
Worm,  which  feeds  only  on 
ppusses  and  cereals,  is  every- 
where found  in  the  Sonth  dnr- 
iDg  winter,  and,  on  account 
of  its  great  similarity  in  color 

to  Aletia,  and  of  a  white  dis-  ^Si^  W  ^ 

cal  spot  relieved  with  a  dark    ^    „    .       ^      „  ,      *i.   ..   u^ 

'■  Fio.  8.— Abut  Worm  Hoth:  a,  male  motK;  6,  aMomen 

Sbade  on  the  front  wings,  that  ©r  female— oat ural  Riie;  c,  eye?  d,  ba«e  of  male  antenna; 
hei*»htens  the  general  resem-  «.  ^««e  of  female  antenna— ©nlaiiged.    (Alter  Riley.) 

Wance,  is  more  often  mi.  taken  therefor  than  any  other.  It  is  more 
robust  than  Aletia,  and  a  comparison  of  the  accompanying  illustration 
(Fig.  8)  with  Fig.  7,  p.  11,  will  show  the  other  differences.  Seeing  how 
easi'y  non  entomologists  are  misled  by  general  resemblances,  we  would 
again  lay  stress  on  the  readily  observeil  characters  underlined  on  page 
9,  by  which  Aletia  may  always  be  recognized.  Where  they  are  absent 
it  may  be  safely  taken  for  granted  that  other  speciea  are  in  question. 
From  this  danger  of  confounding  species  it  is  evident  that  ordinary 
reiwrts  lose,  when  unaccompanied  by  specimens,  much  of  their  value, 
and  must  always  be  taken  cum  grano  salts. 

Yet,  after  making  due  allowance  for  possible  error,  the  number  of  in- 
telligent planters  with  whom  we  have  conversed,  and  who,  having  long 
ant!  thorough  acquaintance  with  the  moth,  feel  i>ositive  of  their  ability 
to  distinguish  it  and  of  having  seen  it  during  the  winter,  is  so  great  as 
to  leave  little  doubt  of  the  fact ;  while  the  added  testimony  of  Mr.  Grote, 
who  is  such  an  authority  on  moths  that  he  could  not  thus  confound 
species,  and  who  states  that  he  has  found  the  Aletia  in  Alabama  during 
mild  winter  weather,  should  dispel  even  that  little  doubt;  and  we  may 
safely  consider  as  proven  that  the  moth  does  survive  the  winter  up  to 
the  end  of  March.  The  general  experience  of  correspondents  is,  how- 
ever, that  after  March  these  hibernating  moths  are  no  longer  to  be  seen, 
and  no  one  knows  what  becomes  of  them  between  this  time  and  the  ap- 
pearance of  the  first  worms. 

The  difficulty  felt  in  bridging  this  gap,  together  with  the  progress  of 
injury  from  the  south  northward,  has  given  rise  to  the  theorj^  that  the 
species  cannot  survive  the  winter  in  this  country,  and  must  necessarily 
come  each  year  on  the  wing  from  some  foreign  country  where  cotton  is 
perennial.  The  history  of  the  repeated  suggestions  of  this  so-called 
ini^tion  theory^  from  Dr.  Gorham's  first  article  in  1847,  do\<fii  \Ai 
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Grote's  paper  before  the  American  Association  for  the  Advancement  of 
Bcience,  in  1874,  we  shall  give  somewhat  in  detail  in  Chapter  XIV,  bat 
in  this  connection  we  may  appropriately  devote  a  brief  space  to  the 
consiileration  of  Mr.  Orote's  arguments:^ 

The  principal  argnments  urged  in  support  of  the  theory  by  Mr.  Grote 
are  [1]  the  sudden  appearance  of  the  moth  in  quantities;  [2]  the  first 
appearance  of  the  worms  so  late  as  the  latter  part  of  June;  [3]  the 
absence  of  parasitic  checks;  [4]  the  highly  probable  exotic  origin  of  the 
species  and  its  introduction  into  the  States;  and  [5]  the  power  of  flight 
and  migratory  habits  of  the  moth.  The  first  three  lose  much  of  their 
force  from  the  facts  adduced  in  this  report,  since  [IJ  in  the  southern 
portion  of  the  belt'^  the  sudden  appearance  is  more  apparent  than  real; 
[2]  the  worms  appear  in  April;*  aud  [3]  they  have  numerous  parasitic 
checks.  There  is  also  little  force  in  the  fact  of  original  introduction 
from  some  foreign  country,  since  most  of  our  worst  insect  pests  that  are 
now  acclimated  and  established  with  us  were  originally  introduced  from 
abroad;  while  [5]  the  migratory  habit,  as  we  have  seen,  is  not  developed 
in  the  first  moths.  Arguments  urged  by  others  in  favor  of  the  theory 
are  [6]  the  periodical  visitations  and  intervals  of  immunity;  [7]  the  short 
life  of  the  moth ;  and  [8]  the  failure  of  those  who  have  tried  to  keep  it 
through  the  winter. 

To  these  it  may  be  replied  that  [6]  many  other  indigenous  insects 
abound  during  certain  years  and  are  unknown  in  others,  and  that  these 
changes  are  due  to  the  working  of  well-known  laws;  that  periodicity  in 
the  appearance  of  Aletia  is  largely  imaginary,  because  it  either  refers 
only  to  bad  years  and  takes  no  stock  of  small  numbers,  or  else  is  local. 
The  investigations  of  the  Oommission  show  that  the  worm  has  been  in 
some  parts  of  the  South  ever  since  the  civil  war,  and  there  is  no  reason  to 
suppose  that  it  was  not  annually  to  be  found  in  fewer  or  larger  numbers 
prior  thereto.  [7]  The  short  life  of  the  moth  of  the  summer  generations 
is  no  criterion  for  that  of  the  last  or  hibernating  brood,  since  any  num- 
ber of  species  which  produce  several  annual  generations  and  have  but  a 
brief  span  of  life  in  the  imago  state  in  sammer  are  known  to  hibernate  in 
this  state.  [8]  It  is  eictremely  difficult  to  attain,  in  a  room,  the  proper  con- 
ditions of  moisture  and  freshness  that  belong  to  a  sylvan  atmosphere,  and 
we  have  never  been  able  to  keep  other  Lepidoptera  which  hibernate  in 
the  imago  state  alive  through  the  whole  winter  in  such  artificial  situation, 
though  we  liave  tried  with  both  Damiis  archippus  and  Faphia  glyoerium. 
For  this  reason  it  will  always  be  next  to  impossible  to  get  absolute  and 
incontrovertible  proof  of  the  hibernation  of  Aletia  by  watching  the  moths 
from  fall  till  they  oviposit  in  the  following  year,  but  it  may  be  truly  said 
that  if  the  hibernation  of  other  species  rested  on  equally  absolute  prooi^ 
there  is  not  one  among  the  Lepidoptera,  or  other  Onlers,  for  that  matter, 
that  could  be  said  to  hibernate.  One  other  argument  that  has  been 
made  in  favor  of  the  theory  may  lastly  be  mentioned.  It  is  that  during 
t2ie  late  war  no  cotton  was  grown  for  three  years  in  some  sections  of  the 

*  See  further  fMto  in  IKoU  ISL 
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South,  and  that  tbe  first  crop  raised  thereafter  was  infested.  Professor 
Cotustock  took  particular  pains  to  make  inquiries  on  this  head,  and  found 
that  some  patches  of  cotton  had  been  grown  every  year  in  such  sections. 
In  favor  of  hibernation  in  the  southern  portion  of  the  cotton  belt  may 
be  urged  [1]  the  appearance  of  the  moth  on  the  wing  during  mild  winter 
weather,  and  its  being  found  torpid  in  sheltei^ed  situations,  as  is  insisted 
on  by  so  many ;  [2]  the  first  appearance  of  the  worms  in  very  small 
numbers,  and  in  the  spring  of  the  year,  as  attested  by  recent  observa- 
tions; [3]  their  reappearance  each  year  in  the  same  spots,  not  on  the 
sea-coast  nearest  to  the  tropical  zone,  where  we  should  expect  them  on 
the  theory  of  annual  incoming,  but  at  various  points  far  inland ;  [4]  the 
coming  of  the  moths  in  large  numbers  and  as  immigrants  into  the 
northern  portions  of  the  belt,  being  always  preceded  by  the  appearance 
of  the  worms  and  their  gradual  increase  at  some  other,  generally  more 
Bontheru  or  western,  points;  and  [5J  the  decrease  of  cotton  culture  in 
Central  America  and  the  West  Indies,  as  appears  from  market  statis- 
tics, and  the  absolute  absence  of  the  worm  in  the  Bahamas  since  18G6, 
18  ascertained  by  Mr.  Schwarz  while  there  in  the  spring  of  1879. 

The  strongest  fact  against  hibernation  was,  perhaps,  the  period  elaps- 
iDg  between  the  disappearance  of  the  moths  in  March  and  the  first 
api>earance  of  the  worms,  or,  to  put  it  in  another  form,  the  absence  of 
the  worms  on  the  young  and  tender  cotton.  The  period  during  which 
the  si)ecie8  was  not  observed  is  already  reduced  by  the  facts  given  in  this 
report  to  leas  than  one  month  instead  of  three,  and  this  is  much  less  than 
the  time  elapsing  between  the  issuing  from  winter  quarters  of  other 
well-known  Lepidoptera  that  hibernate  in  the  imago  state,  and  the  first 
tppearanoe  of  their  larvae,  nnmeroos  illastrations  of  which  fact  might 
be  cited.* 

On  the  whole,  therefore,  the  weight  of  evidence  is  strongly  against 
file  theory  of  annual  extermination,  in  the  southern  part  of  the  belt,  and 
the  fact  of  the  hibernation  of  Aletia  there  may  be  said  to  rest  on  as 
good  evidence  as  that  of  many  other  species  in  which  it  is  admitted 
without  question.  Yet  Aletia  is  beyond  doubt  killed  out  each  winter  in 
the  northern  portion  of  the  cotton  belt,  and  all  the  arguments  in  favor 
of  annual  extinction  and  incoming  de  novo  have  force  when  restricted 
to  this  section.  Just  where  the  separating  line  lies  between  extinction 
tnd  survival  is  not  so  easy  to  decide,  and  for  the  present  we  can  only 
refer  to  that  given  in  the  Introduction  as  the  result  of  the  investigation 
10  far  as  it  has  gone.  This  conclusion  that  the  moth  does  and  can  hiber- 
nate in  the  United  States  does  not  preclude  its  occasional  incoming  from 
foreign,  more  tropical  countries,  or  the  possibility  of  its  being  brought 
by  fovorable  winds  from  such  exterior  regions,  just  as  originally  must 
have  been  the  case  when  the  species  was  first  introduced.  The  facts 
indicate,  however,  that  this  kind  of  immigration  is  less  frequent  now-a- 
days  than  it;  was  in  the  beginning  of  the  century. 


*  TbeinterveniiiR  p«iiod  U  still  taxthtrleBBeaaed,  m  will  tefleen  from  the  ranaK''ks  oapMAl^  iai<^VA. 
IfUlt 
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To  sum  ap  the  evidence  from  present  knowledge :  Aletia  never  hiber- 
nates in  either  of  the  first  three  states  of  egg,  larva,  or  chrysalis,  and  it 
survives  the  winter  in  the  moth  or  imago  state  only  in  the  souvheru  ])or- 
tion  of  the  cotton  belt.  Our  own  investigations  since  1878  in  every  cot- 
ton-growing State  in  the  Union,  together  with  the  experience  and  testi- 
mony of  both  correspondents  and  special  agents  employed  in  the  inves- 
tigation, confirmed  us  in  these  conclusions,  and  we  were  consequently 
perfectly  prepared  for  their  justification  by  the  facts  obtained  during  the 
winter  of  1881-82.  During  this  winter  we  were  able  to  obtain  the  moths 
during  every  month,  and  watched  them  in  fact  until  the  early  part  of 
March.  In  short,  there  is  nothing  more  fully  established  now  than  tbat 
the  moth  hibernates  j)rincipally  under  the  shelter  of  rank  wire-grass 
in  the  more  heavily  timbered  portions  of  the  South,  and  that  these 
moths  begin  laying  on  the  rattoon  cotton  when  this  is  only  one  inch  or 
BO  high.* 

1.  It  is  quite  certain  that  by  far  the  larger  portion  of  the  moths  from 
the  last  brood  of  worms  perish  in  vjirious  ways  without  perpetuating 
the  species.  All  those  which  fly  north  of  the  cotton  belt  must  needs 
thus  perish,  as  doubtless  do  all  those  that  attempt  to  hibernate  in  the 
northern  i)Ortion  of  said  belt.  The  evidence  is  strong  that  even  in  the 
hibernating  portion  of  the  belt  only  the  exceptional  few,  more  favored 
than  the  rest  and  remaining  steadily  torpid  till  early  spring,  survive  to 
beget  progeny.  Those  which  are  aroused  to  activity  during  the  mild 
winter  weather  spend  their  force  without  finding  compensating  nourish- 
ment, as  there  are  neither  fruits,  flowers,  nor  sweet-secreting  glands  at 
that  season  wherewith  to  break  their  long  fast  and  sustain  vitality.  It 
is  for  these  reasons  that  the  worms  are  generally  less  injurious  after 
mild  and  changeable  winters,  and  most  to  be  dreaded  after  severe  and 
steady  ones,  and  it  may  very  justly  be  argued,  that  did  the  larger  pro- 
portion of  the  moths  survive,  there  would  be  no  chance  to  grow  cotton. 
Like  perishing  of  the  bulk  of  most  insects  that  hibernate  above  ground 
is,  in  fact,  an  acknowledged  rule  in  entomology. 

2.  The  localities  where  Aletia  doubtless  hibernates,  and  where,  conse- 
quently, the  earliest  worms  appear,  seem  to  bo  more  common  in  the 
western  parts  of  the  cotton  belt  than  in  the  Atlantic  States.  Since  the 
civil  war  the  almost  complete  abandonment  of  cotton  cultivation  on  the 
sea  islands  of  the  coast  of  Florida  and  Georgia  has  evidently  redu(ied  the 
number  of  favorable  hibernating  localities  there,  and  in  so  far  j>rotected 
the  more  northern  or  western  portion  of  the  Atlantic  States  from  the 
immigration  of  the  moth  from  those  quarters.  In  Texas,  on  the  con- 
trary, the  cultivation  of  cotton  has  been  constantly  increasing  since 
that  time,  and  consoctancously  the  number  of  hibernating  points  and 
the  risk  of  serious  harm  there  over  extended  areas  have  also  increased. 

*  See  Abetract  of  paper  read  before  the  National  Academy  of  Sciences  at  WashinKton,  Hay,  1883  j 
also  Annual  Report,  Department  of  Agricultare,  1881-82,  p.  166. 


CHAPTER  III. 


PAST  niSTOBY  OF  THE  COTTON  WORM  IN  THE  UNITBD 

STATES. 

cncoNOLoaiOAL  account  of  appeabances  and  of  yeabs  of 

MARKED  PREVALENCE. 

We  have  been  unable  to  find  any  record  of  the  appearance  of  the 
Cotton  Worm  in  the  United  States  prior  to  the  oftqnoted  statement  of 
Spalding's,*. that  in  1793  ^Hhe  destruction  waA  complete.  In  Major 
Batter's  field  of  400  acres  bat  18  ba^s  were  made."  From  this  time 
till  1800  no  mention  has  been  made  of  the  worm ;  but  in  that  year  the 
crops  in  South  Carolina  and  Ge^irgia  suffered  severely.  Dr.  Capers^t 
and  also  Dr.  Phares,}  give  1800  as  the  first  appearance  of  the  worm  in 
Bonth  Carolina ;  but  there  is  a  published  statement  of  Mr.  J.  W.  Orace  $ 
to  the  effect  that  the  Georgia  invasion  of  1793  extended  to  that  State. 

1804  was  a  marked  year,  and  we  always  find  it  referred  to  in  the  older 
papers  on  the  worm.  In  this  year  the  Oulf  States  suffered  for  the  first 
time.  Louisiana,  which  grew  more  cotton  than  any  other  State,  suf- 
fered severely.  The  crops  on  many  plantations  were  entirely  destroyed ; 
bat  the  caterpillars  were  finally  killed  by  an  unusual  snow-storm. 

From  this  time  to  1814  we  have  found  no  definite  record  of  the  cater- 
pillar, but  1814  was  again  a  year  of  serious  loss  in  Louisiana,  although 
it  does  not  appear  to  have  been  marked  upon  the  Atlantic  coast.  In 
this  year  the  rather  remarkable  instance  is  seen  of  the  almost  total  de- 
BtTQction  of  the  crop  as  early  as  June.  || 

1825  was  again  a  year  of  general  loss  from  the  worms.  The  destruc- 
tion was  likened  to  that  of  1804,  and  was  universal  throughout  the  whole 
ootton  belt.    Concerning  this  year  we  may  quote  from  Dr.  Phares : 

In  1S25  the  destmction  was  general  in  extent,  embracing  all  the  Cotton  States ;  the 
Ute  Mr.  Affleck  in  one  of  his  papers  asserting  that  the  destmction  was  **  universal  and 
eomplete."  I  most  here  be  permitted  to  say  that  it  was  not  ^'complete/'  as  I  most 
dlfltinctly  remember  and  know  I  saw  fields  in  which  many  bolls  were  fully  matured 
ind  gathered  before  the  chenilles  i]\jured  the  plaut|  and  considerable  quantities  of 
▼eiy  superior  cotton  wen)  made.  This  was  the  first  year  that  I  saw  the  chenilles,  and 
dreamstancee  so  impressed  me  that  my  reooUections  of  their  appearance  are  more 
TiTid  than  of  any  time  since. 

*8e6  Fuowr'a  A  Plsiiter'a  Cjclopedla,  London,  184):  Artiole,  Cottoo. 

tAwOmi  AjrieuiturSst,  1828.  p.  203  (Vol.  I). 

I  Bur^l  Carolinian,  Anxnst,  1870. 

(Hepoft  iii>oD  Cotton  lna«cta,  1870,  Oepsrtnient  of  Acricnltnre,  p.  387. 

ISae  ALBdv'#  B^view,  1847,  p.  251  (P.Winft«6),  and  Dr.  Pbarea  in  Surai  OaroHnian,  Augaait,  1870. 

% 
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The  iutiect  was  again  destroyed  by  a  storm,  as  we  have  seen  happen  less  eztensively 
several  times  since ;  the  wind  and  rain  beating  them  down,  and  the  water  sweeping 
them  along  and  forming  immense  heaps  in  some  places. 

In  1826  the  destniction  is  said  by  Dr.  Capers  to  bave  been  again  uni- 
versal, although  other  testimony  to  this  fact  is  lacking.  In  limited 
localities  the  worms  were  noted  in  1828,  ^29,  W,  '31,  *32,  >33,  '34,  '35, 
and  '36.  Considerable  damage  was  occasionally  done,  but  it  was  by 
no  means  general  again  until  1838,  the  worms  that  year  spreading 
over  nearly  the  whole  belt  and  doing  especial  damage  in  Florida  and 
Southern  Georgia. 

In  1834  the  worms  appeared  for  the  first  time  in  Texas,  and  in  1840  Id 
Arkansas.  This  last  year  was  one  of  quite  general  injury  to  the  crop, 
northern  Florida  suffering  particularly.  In  1841  Florida  again  suffered, 
as  also  in  1843.  In  1844  the  marked  feature  was  the  severe  damage  in 
central  and  southern  Louisiana.  In  this  State  there  was  a  shortage  of 
nearly  50  per  cent,  of  the  crop  on  account  of  the  damage  done  by  the 
caterpillars.  In  Mississippi  and  Alabama  some  little  damage  was  done 
the  same  year ;  but  in  Florida,  Georgia,  and  South  Carolina  the  loss 
was  almost  nominal. 

In  1845  the  damage  was  again  considerable  in  Louisiana,  and  the 
other  States  suffered  as  well,  the  total  loss  from  caterpillars  being 
greater  than  in  any  other  year  since  1838. 

1846,  however,  overshadowed,  perhaps,  all  previous  cotton-worm 
years.  The  caterpillars  appeared  in  force  much  earlier  than  they  had 
ever  been  seen  before,  and  from  Texas  to  South  Carolina  hardly  a  plan- 
tation escaped  without  loss.  In  South  Carolina  old  inhabitants  say  that 
the  ruin  of  the  crop  was  complete.  In  Florida  more  than  half  the  total 
crop  was  lost.  In  Alabama  the  loss  was  nearly  as  great.  In  Mississippi 
and  Louisiana  on  a  general  average  one-third  of  the  crop  was  destroyed. 
Writing  to  the  American  Agriculturist  September  0, 1846,  from  Wash- 
ington, Miss.,  Mr.  Thos.  Afi&eck  gives  the  following  graphic  account  of 
the  situation : 

The  CaterpUlar,  Cotton  Worm,  Cotton  Moth  (yoeiua  xylina),  or  chenille  of  the 
French  West  Indies,  Qniana,  dec,  has  utterly  hllghted  the  hopes  of  the  cotton-planter 
for  the  present  year,  and  prodnoed  most  anxious  fears  for  the  fntnre.  I  have  heard 
ttom  the  greater  part  of  the  cotton-growing  region — ^the  news  is  all  alike— the  worm 
has  destroyed  the  crop.  I  hare  no  idea  that  any  considerable  portion  of  any  8tat« 
will  escape.  •  *  •  The  present  year  the  crop  is  nnnsnally  backward,  at  least  four 
weeks  later  than  nsnal.  We  have  bat  Just  commenced  picking ;  usually  beginning 
about  the  last  week  in  July  or  the  first  week  in  August.  At  this  moment  every  field 
within  this  region  of  country,  say  south  of  Vicksburg,  is  stripped  of  everything  but 
the  stems,  the  larger  branches,  and  a  few  of  the  first  bolls,  already  too  hard  for  the 
worms'  power  of  mastication.  The  full-grown  boUs  not  yet  become  hard  are  com- 
pletely eat«n  out,  a  circumstance  I  have  never  heard  of  but  once  before,  in  1825.  The 
fields  present  a  most  melancholy  appearance ;  looking  from  the  bluff  at  Natchez  across 
the  river  to  those  floe  plantations  back  of  Vidalia,  nothing  is  to  be  seen  but  the  brown 
withered  skeleton  of  the  plant. 
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In  Texas  the  coast  oounties  were  averran,  bat  the  inland  coanties, 
with  here  and  there  a  marked  exception  (Walker  lost  50  x>er  cent,  of 
the  crop),  escaped  without  particular  damage. 

It  was  at  the  close  of  this  year  that  the  theory  of  periodical  recur- 
reooe  of  the  worms  in  destructive  numbers  every  twenty-one  years  be- 
gun to  be  mentioned  in  the  newspapers.  Some  person,  noticing  that 
the  years  of  great  disaster,  1804,  1825,  and  1846,  were  separated  by 
periods  of  twenty-one  years,  formulated  the  theory  that  these  periods 
were  constant,  and  that  in  1807  another  similar  invasion  was  to  be  ex- 
pected. The  confidence  with  which  this  idea  was  universally  regarded 
warrants  its  mention  here. 

In  1847  the  months  of  June  and  July  augured  an  exceedingly  bad 
worm  year,  for  the  caterpillars  appeared  very  early  in  considerable 
foree  and  were  widespread.  The  season,  however,  proved  unfavorable 
to  their  great  increase,  since  it  was  remarkable  for  periods  of  great  heat 
and  drought,  interrupted  by  an  occasional  severe  storm,  and  compara- 
tively little  damage  was  done  by  the  caterpillars,  although  the  crop 
suffered  from  the  other  causes  mentioned. 

From  this  period  to  1806  there  was,  as  far  as  we  can  ascertain,  not  a 
tingle  general  caterpillar  year.  The  worms  were  every  year  to  be  found, 
and  occasionally  did  some  severe  local  damage.  Thus  in  1849, 1851, 
and  1852  the  crops  of  northern  Florida  were  injured  quite  seriously; 
1852, 1854,  and  1860  were  quite  marked  in  the  canebrake  region.  In 
1853,  1800,  and  1804  the  worms  were  more  than  usually  injurious  in 
Mississippi  and  Louisiana.  In  1850  they  made  their  first  recorded  ap- 
pearance in  Tennessee.  1804  and  1805  were  marked  by  the  appear- 
ance of  the  worms  in  North  Carolina.  The  visitation  in  both  of  these 
years  seems  to  have  been  severer  than  in  any  year  since  1847,  though  it 
is  difficult  to  compare  them  on  account  of  the  comparatively  small 
amount  of  cotton  grown  during  the  war. 

From  1800  up  to  the  present  date  the  worms  have  been  widespread 
every  year.  It  is  a  common  thing  to  hear  planters  say,  <^  The  worm  never 
used  to  be  as  destructive  as  this  before  the  war";  and  indeed  the 
records  seem  to  bear  out  the  assertion.  We  may  look  for  the  reason, 
without  doubt,  in  the  general  looseness  and  carelessness  of  the  system 
of  cultivation  since,  as  compared  with  the  clean  and  thorough  methods 
before  the  war. 

A  large  crop  in  1800  was  a  necessity.  Gotten  had  risen  greatly  in 
value,  and  as  a  consequence  of  this  and  of  the  liberation  of  the  planters 
from  martial  occupation  the  acreage  was  largely  increased  over  the 
preceding  five  years.  Unfortunately,  however,  it  proved  a  bad  worm 
year.  The  losses  may  be  averaged  about  as  follows :  Louisiana,  Texas, 
and  Alabama  about  40  i)er  cent.;  Mississippi,  30  per  cent.;  Georgia, 
Florida,  and  South  Carolina  much  less.  The  hopes  and  fears  for  the 
lesalt  of  this  crop  and  the  dis^trous  effects  of  the  advent  of  the  worms 
are  well  told  by  Mrs.  Harriet  Beecher  Stowe  in  an  article  entitled  '<  Our 
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Florida  Plantation"  {AOanfie  Mowthly,  May  1870,  p.  641).  The  wonnt 
were  this  year  very  dentructive  in  sonthem  Arkansas,  and  also  did  some 
damage  in  North  Carolina. 

There  were  not  lacking  those  who,  on  the  coming  of  18G7,  prophesied 
a  year  of  general  devastation  on  account  of  the  space— 21  years — be- 
tween this  year  and  1846;  but,  contrary  to  their  expectations,  1867  was 
but  little  worse  than  1866.  Texas,  it  is  true,  suffered  severely,  but  the 
other  States  were  comparatively  exempt.  The  districts  along  the  Mis* 
sissippi  River  in  Louisiana,  Arkansas,  and  Mississii)pi  were  damaged 
considerably,  but  the  interior  counties  were  injured  but  little.  In  Ala- 
bama, Georgia,  and  Florida  the  total  losses  were  slight.  Here  and  there 
the  crop  of  a  small  district  would  be  taken,  but  the  average  loss  was 
low.  In  the  latter  part  of  the  season  the  worms  were  numerous  in 
Bouth  and  North  Carolina,  but  they  injured  the  crop  but  little. 

1868  proved  to  be  one  of  the  most  disastrous  years  on  record.  The 
worms  appeared  in  May  in  Texas,  and  the  gravest  fears  were  expressed 
from  this  early  advent.  On  the  whole,  the  loss  in  Texas  and  Louisiana 
did  not  equal  that  of  the  iirevions  year.  In  Missis8ii)pi  the  loss  was 
rather  greater  than  in  1867.  Alabama  and  Georgia  suffered  exceed- 
ingly; the  loss  in  the  latter  State  was  entirely  unprecedented.  Through 
the  central  part  of  the  State  the  average  loss  is  reported  at  50  per  cent. 
In  Alabama,  with  a  few  exceptions,  the  central  and  northernmost 
counties  were  damaged  the  most,  the  exceptions  being  Conecuh,  Cren- 
shaw, Barbour,  and  Montgomery.  In  South  Carolina  the  crops  were 
injured  in  some  localities  to  the  extent  of  a  loss  of  33  per  cent.  In 
North  Carolina,  though  numerous,  the  worms  were  not  destructive,  clear- 
ing away  the  leaves  just  in  time  to  assist  in  the  ripening  of  the  bolls. 

One  cannot  help  but  notice,  in  studying  these  appearances  of  the 
worm  from  year  to  year,  that  they  come  in  waves,  gradually  increas- 
ing, until  at  length,  from  one  cause  or  another,  they  break  and  almost 
disapiiear.  1825, 1846, 1868,  and,  as  we  shall  see,  1873,  1876,  and  1881, 
are  the  culminating  points  of  such  waves  or  series  of  years  during  which 
the  ravages  of  the  worms  have  been  gradually  increasing,  and  in  the 
year  following  each  of  these  comes  the  breaking,  and  the  next  wave  is 
begun.  With  a  few  unimportant  exceptions,  this  rule  is  observed 
throughout  the  entire  history  of  the  Cotton  Worm. 

This  result  is  natural,  and  arises  from  the  tendency  of  the  worms  to  in- 
crease in  geometrical  ])roportion  and  at  a  more  ra])id  rate  than  their 
parasites.  But  whenever  they  have  multiplied  beyond  the  power  of 
their  foo<l-plaut  to  sustain  them,  or  whenever  meteorological  conditions 
unfavorable  to  their  increase  obtain,  the  parasites  get  the  upper  hand 
and  the  break  in  the  series  occurs.  This  rise  and  fall  has  often  been 
noticed  by  writers  on  injurious  insects,  but  from  the  very  nature  of  the 
case  it  is  not  regular,  and  cannot  be  depended  upon. 

1869  proved  to  be  a  year  of  drought,  and  there  was  a  sudden  decrease 
in  the  loss  from  the  caterpillars.    Here  and  there  the  crop  of  a  coonty 
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waa  taken,  but  the  loss  was  by  no  means  general.  In  Wayne  County, 
Iforth  Carolina,  strange  to  say,  the  worms  came  in  Aagast  and  injnr^ 
the  crop  to  a  slight  extent.  South  Carolina  suffered  no  loss.  In  Geor- 
gia, the  southern  tier  and  the  coast  counties  were  damaged  quite  badly, 
bat  the  remainder  of  the  State  escaped. 

Of  the  northern  counties  in  Florida,  Bradford,  Leon,  and  Putnam 
sustained  quite  severe  losses,  while  Santa  Bosa,  Jackson,  and  Duval 
suffered  none.  In  Alabama  considerable  damage  was  done  to  a  few 
eounties,  as  Wilcox,  Macon,  Dallas,  and  Greene.  In  Mississippi  and 
Louisiana,  the  loss  was  insignificant.  In  Polk,  Blanco,  Matagorda 
snd  Groliad  Counties,  Texas,  the  cotton  was  badly  eaten,  but  the  remain- 
der of  the  State  was  comparatively  exempt. 

The  worms,  insteiad  of  increasing  in  numbers  in  1870,  as  should  have 
been  the  case  according  to  the  rule  just  mentioned,  were  decidedly  fewer 
and  less  destructive  than  in  18G9,  the  same  causes  operating  to  produce 
this  result,  as  1870  proved  to  be  a  year  of  severe  and  long-continued 
drought.  In  North  Carolina,  South  Carolina,  Georgia,  Florida,  Ala- 
bama, and  Mississippi  the  worms  were  found,  but  almost  no  damage 
resulted.  Isolated  counties  in  Texas  suffered,  while  in  Louisiana  by 
Car  the  greatest  damage  of  the  year  was  done.  Bapides,  Avoyelles, 
East  Feliciana,  Tensas,  and  Jackson  Parishes  each  sustained  a  loss  of 
firom  5  to  20  per  cent. 

In  1871  the  increase  again  commenced,  the  principal  damage,  as  in 
the  previous  year,  being  done  in  Louisiana.  North  and  South  Carolina 
sustained  no  loss,  and  Georgia  suffered  but  slightly.  In  Florida  the 
crop  was  so  severely  injured  by  heavy  storms  that  the  worms  were 
hardly  noticed.  In  Alabama  and  Mississippi  there  was  a  decided  in- 
crease in  the  number  of  worms.  In  Louisiana  the  crop  as  a  whole  was 
very  badly  damaged,  though  in  many  parishes  the  loss  was  slight.  The 
distribution  of  the  points  of  heaviest  injury  was  strange  and  difficult  to 
explain.  Great  loss  was  sustained  in  Iberia,  Saint  Landry,  Washing- 
ton, Avoyelles,  and  Caddo;  less  in  East  and  West  Feliciana,  Bapides, 
and  Bichland ;  while  in  Tangipahoa,  Madison,  Tensas,  Bed  River,  Clai- 
borne, Ouachita,  and  Morehouse  but  few  worms  were  to  be  found.  In 
Texas  the  worms  were  widely  distributed,  but  in  only  a  few  counties  was 
even  the  top  crop  (representing  5  i)er  cent,  or  a  little  more)  taken.  In 
Lafayette  County,  Arkansas,  the  late-appearing  caterpillars  damaged 
the  crop  to  some  extent. 

In  1872  occurred  another  and  greater  increase  in  tbe  damage  done 
by  the  worms.  In  fact,  the  loss  this  year  was  so  great  that  1872  is  en- 
titled to  be  ranked  as  one  of  the  years  of  general  loss  by  the  side  of 
1804, 1825, 1846, 1868,  and  1873,  although  considerably  inferior  to  the 
last-named  and  possibly  to  tlie  early  ones.  The  caterpillars  appeared 
early  in  June  in  Florida,  Louisiana,  and  Texas.  In  Texas  the  amount 
of  damage  was  not  great.  In  Louisiana  it  fully  equaled  that  of  the 
previous  year.    Tangipahoa,  Marion,  Concordia,  Bapides,  Saint  Landry, 
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WashingtoD,  Bed  River,  and  Jackson  Parishes  all  sastained  great  loss. 
In  Mississippi  many  of  the  central  and  southern  counties  were  devas- 
tated, the  more  northern  part  of  the  State  enjoying  comparative  immu- 
nity. We  quote  from  the  Monthly  Keport  of  the  Department  of  Ag- 
riculture for  September,  1872,  as  to  the  state  of  affairs  in  Alabama : 

Our  Angnflt  retnrns  from  Alabama  foreshadowed  an  extensive  visitation  of  the  cot- 
ton caterpillar,  which,  as  our  September  reports  show,  was  fuUy  and  painfuHy  realized. 
In  some  places  the  boll-worm  vied  with  the  cotton- worm  in  its  destructive  influence. 
Reports  of  either  or  both  of  these  {lests  come  from  Macon,  Pike,  Marengo,  Conecuh, 
Perry,  Montgomery,  Crenshaw,  Russell,  Fisk,  Calhoun,  Chambers,  Butler,  Autangai 
Dallas,  Wilcox,  and  Tuscaloosa  Counties.  In  Crenshaw  the  fields  were  denuded  of 
foliage.  In  Calhoun  the  crop  piospect  was  reduced  25  per  cent,  in  five  days.  In 
Autauga  the  roads,  woods,  and  wells  were  full  of  army  and  boll  worms.  In  Wileox 
the  caterpillars,  after  stripping  the  cotton-plant  of  its  leaves,  attacked  the  bolls,  eat- 
ing the  smaller  ones  and  killing  the  larger  ones  by  gnawing  around  them.  In  Periy 
the  crop  was  cut  down  to  half  an  average  aft«r  August  20.  In  Conecuh  the  destruc- 
tion was  almost  complete,  as  it  also  was  in  RnsselL  All  through  the  cane-brake  region 
the  loss  was  very  severe.  Butler,  Clark,  Wilcox,  Dallas,  Perry,  and  Tuscaloosa  report 
a  loss  of  one-half;  Pike,  Bibb,  Hale,  Calhoun,  and  Limestone  a  loss  of  one-foorth  or 
over. 

In  Florida  also  the  loss  was  very  great;  Snwannee,  Leon,  Taylor, 
Columbia,  Orange,  Jackson,  and  Jefiferson  Counties  all  lost  from  50  to 
75  per  cent  of  their  crops,  while  Clay  County  lost  33  per  cent.  Nearly 
every  cottongrowiug  county  in  Georgia  and  South  Carolina  was  visited 
sooner  or  later,  but  the  losses  were  not  great  compared  with  those  of 
Florida  and  Alabama.  The  worms  were  also  remarkably  widespread 
and  abundant  in  North  Carolina,  although  not  particularly  iiyurious. 
They  also  appeared  in  southern  Arkansas. 

In  the  whole  history  of  the  Cotton  Worm  in  the  United  States,  from 
1793  down  to  the  present  time,  it  is  doubtful  whether  1873  was  ever 
equalled  (certainly  never  exceeded)  in  the  loss  occasioned  by  worms. 
Throughout  the  whole  extent  of  the  cotton  belt  hardly  a  plantation 
escaped,  and  in  many  cases  the  crop  was  a  total  loss.  In  many  localities 
the  cateri)illar  made  its  appearance  for  the  first  time,  and  has  not  since 
been  reported.  There  must  have  been  a  very  extensive  hibernation  of 
the  moths,  for  as  early  as  the  latter  part  of  May  the  worms  had  appeared 
in  sufficieut  numbers  to  be  reported  from  Florida,  southern  Greorgia^ 
Alabama,  Mississippi,  and  Texas.  The  appearance  of  the  destructive 
brood  at  the  eud  of  June  was  extensively  reported,  and  the  localities  are 
of  great  interest  as  bearing  upon  the  subject  of  centers  of  hibernation. 
They  areas  follows:  Decatur  County,  Georgia;  Liberty,  Leon,  Jackson, 
Gadsden,  Suwannee,  and  Columbia  Counties,  Florida ;  Clarke,  Wilcox, 
Dallas,  Tuscaloosa,  Barbour,  and  Saint  Clair  Counties,  Alabama ;  Wil- 
kinson, Marion,  and  Jasi)er  Counties,  Mississippi;  Tangipahoa,  West 
Feliciana,  Concordia,  Bapides,  and  Carroll  Parishes,  Louisiana;  and 
Atascosa,  Austin,  and  Galveston  Counties,  Texas. 

It  will  be  unnecessary  to  go  through  the  list  of  States  specifying 


CHBONOLOOICAL   ACCOUNT   OF   COTTON   WORM   INJURY.         29 

which  oonnties  suffered  the  most.  In  Louisiana,  Mississippi,  Alabama, 
Georgia,  and  Florida  the  greatest  damage  was  done.  Texas  did  not 
suffer  so  much  projiortionately,  although  it  experienced  a  great  loss.  In 
Arkansas,  South  and  North  Carolina  more  damage  was  done  than  had 
ever  before  been  known ;  while  in  Tennessee  and  even  in  Virginia  the 
worms  were  found  in  great  numbers  towards  the  close  of  the  season. 

The  following  extract  fix>m  the  Monthly  Report  of  the  Depaitment  of 
Agriculture  for  February,  1874,  shows  well  the  relative  causes  of  injury 
to  the  crop  of  1873,  and  the  prominence  which  should  be  given  to  the 
eaterpillar: 

The  relative  inflnence  of  each  cause  in  damaging  the  crop  of  1873,  ae  indicated  by 
our  coireepondente,  may  be  stated  In  the  following  oxder  in  the  diffeient  States: 

North  CoroUfMi.— Rains,  frost,  worms. 

Somtk  Carolina, — Rains,  frost,  worms. 

Gtargia, — Worms,  more  than  all  other  caosea  combined ;  rains,  frost,  dronght,  high 
winds. 

Florida, — Storms  of  rain,  worms. 

Alabaaaa, — ^Worms,  raina^  iWwt. 

Miotiooippi, — Worms,  spring  rains,  drought,  frost. 

Lomioiana. — ^Worms,  rains,  high  winds. 

Texas. — ^Worms,  rains,  drought,  frost,  bad  gins  and  inexperienced  ginnera. 

Arkansao, — Rains,  worms,  dronght,  frost. 

Tmneuee. — Dronght,  frost,  rains,  plant-lioe,  a  cold  and  wet  spring. 

In  the  Onlf  States  the  greatest  injury  thus  appears  to  have  been  wrought  by  worms, 
excepting  only  Florida,  where  the  devastating  storms  in  September  and  Octobt^r,  par- 
tienlarly  that  of  September  19,  proved  more  destructive  than  the  caterpiUar,  which 
WAS  abundant  and  sufficiently  injurious. 

The  prevalence  of  rains  will  be  noticed  throughout  the  whole  cotton 
belt  in  the  above  extract,  and  should  be  borne  in  mind  as  bearing  upon 
the  influence  of  rain  and  drought  upon  the  abundance  of  the  cateq)illar; 
1874,  the  succeeding  year,  will  be  seen  to  have  been  very  dry  and  the 
worms  were  comparatively  innoxious. 

In  1874  the  worms  appeared  rather  early,  but  owing  to  the  severe 
and  long-continued  drought  did  but  little  damage  except  in  a  few  limited 
localities.  The  crop  was  poor,  but  this  was  entirely  owing  to  the  jiro- 
tracted  dry  spell.  As  one  correspondent  of  tiie  Department  aptly  ex- 
pressed it, ''  the  drought  killed  the  cotton,  and  the  woi  ms  too."  Appear- 
ing in  early  June  in  noticeable  numbers  in  Texas,  Louisiana,  and  the 
other  Gulf  States,  the  increase  in  numbers  was  remarkably  slow  until 
it  was  too  late  for  the  crop  to  be  greatly  damaged.  In  some  counties, 
notably  Beaufort  and  Bichland,  South  Carolina;  Murray,  Georgia; 
Lowndes  and  Wilkinson,  Mississippi;  and  Burnet  ^nd  Hardin,  Texas, 
the  leaves  were  well  stripped,  which  served  to  render  the  plant  more 
BUttceptible  to  the  dronght.  Altogether  1874  may  be  considered  a  year 
of  remarkable  immunity. 

The  growing  season  of  1875  up  to  the  month  of  August  was  also  dry, 
while  that  month  was  marked  by  heavy  storms.    Both  these  causes 
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operated  to  still  farther  reduce  the  numbers  of  the  worms;  heuce,  1875 
is  to  be  ranked  as  a  year  of  even  greater  immonity  than  1874.  The 
worms  were  not  noticed  at  all  early  in  the  season,  and  in  the  few  locali- 
ties where  they  did  injure  the  crop,  their  late  coming  was  all  the  more 
unexpected  and  seemingly  disastrotis.  These  localities  were  confined 
almost  entirely  to  northern  Florida,  although  some  damage  was  reported 
from  Austin  and  Polk  Cqunties,  Texas ;  Lowndes  County,  Alabama, 
and  a  few  other  counties.  1875  ranks  as  a  good  cotton  year,  the  gen- 
eral average,  according  to  the  monthly  statistical  reports,  slightly  ex- 
ceeding 100,  the  unit  of  comparison  being  normal  growth  and  unimpaired 
vitality. 

During  the  earlier  part  of  the  season  of  1876  rains  were  very  abun- 
dant over  the  larger  part  of  the  cotton-belt.  Later,  in  September  and 
October,  the  crop  suffered  from  drought  in  Louisiana  and  parts  of 
Texas,  but  in  general  the  wet  weather  continued  throughout  the  sea- 
son. In  consequence  of  this  disposition  of  the  weather  in  their  favor, 
there  was  a  most  marked  increase  in  the  number  of  the  caterpillars 
throughout  the  entire  southern  portion  of  the  belt.  In  Georgia,  Floridai 
Alabama,  Mississippi,  and  Texas,  the  damage  was  considerable;  but 
Louisiana  escaped  material  injury.  Owing,  probably,  to  a  small  hiber- 
nation, the  worms  were  not  noticed  particularly  until  late  in  July  and 
August;  but  then  the  extremely  favorable  weather  caused  such  a  rapid 
development  and  great  increase  that  they  became  destructive  some 
time  before  the  top  crop  could  be  saved.  The  State  suffenng  the  most 
was  Alabama.  The  worms  were  more  or  less  injurious  in  Marengo, 
Coffee,  Clark,  Bullock,  Lauderdale,  Crenshaw,  Monroe,  Lowndes,  and 
Hale,  and  especially  so  in  Dallas,  Greene,  Goneculi,  and  Perry.  In 
Texas,  Bastrop,  Burnet,  Fayette,  Austin,  Matagorda,  and  Waller  were 
damaged,  while,  strange  to  say,  both  south  and  north  of  this  group  of 
counties  the  worms  were  reported  as  coming  too  late  to  do  much  dam- 
age. In  this  connection  we  may  quote  from  an  interesting  letter  from 
an  Austin  County  correspondent,  published  in  the  Monthly  Ileport  of 
this  Department  for  September: 

As  predicted  hi  my  last,  the  Cotton  Worm  reacbed  ns  last  week,  and  deTooied 
every  particle  that  was  eatable,  leaves,  blossoms,  and  small  bolls.  Never  since  my 
knowledge  have  these  worms  appeared  hi  such  a  multitude.  After  having  laid  wasta 
onr  fields,  they  thronged  and  blackened  our  lanes,  roads,  and  highways;  they  i>ene- 
trated  lawns,  yards,  and  even  dwelling*honses,  lying  in  the  pathway,  requiring  the 
constant  use  of  the  broom  to  repel  our  loathsome  guests.  Hens,  turkeys,  and  gee^a 
had  a  feast  and  grew  fat.  In  this  portion  of  the  connty  the  loss  was  not  so  sercro 
as  the  gathering  had  already  begun,  and  most  of  the  bolls  were  fully  grown ;  but  the 
southern  part,  bordering  upon  an  extensive  prairie  that  reaches  to  the  Gulf  of  Mexico, 
200  miles  distant,  was  attacked  four  weeks  earlier,  and  the  loss  is  a  very  severe  one. 

In  Florida  the  damage  was  very  unequal,  the  crops  of  Jackson,  Jef- 
ferson, and  Madison  Counties  suflering  severely,  while  other  adjoining 
counties  were  exempt. 

In  1877  there  was  a  falling  off  in  the  numbers  of  the  caterpillars  in 
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the  States  which  were  injured  the  most  the  previous  year,  while  in 
Loaisiana,  which  almost  escaped  in  1876,  the  caterpillars  this  year  were 
abundiint  and  destnictive.  The  September  returns  say:  <^The  cater- 
pillar i8  present  in  all  of  the  Gulf  States,  and  in  South  Carolina,  but 
has  done  little  dama^ire  as  yet,  except  in  Texas.  In  several  of  the  par- 
ishes of  Louisiana  the  loss  is  considerable  from  this  cause." 

The  special  feature  of  the  year  was  the  injury  in  Texas.  Early  in 
July  the  caterpillars  were  pro\ing  destructive  in  Ilardin,  Jasper,  Bra- 
zonsij  Atascosa,  Victoria,  and  Uvalde.  In  August  one-half  of  the 
oouutiea  sending  in  returns  were  infested  more  or  less  seriously.  In 
Lavaca  County  the  crop  was  almost  completely  destroyed,  and  Conzales 
County  reported  a  loss  of  75  per  cent.  Before  the  close  of  the  season 
Austin  had  lost  50  x>er  cent.,  Ilardin  75  per  cent.,  Polk  75  per  cent.^ 
and  Waller,  Colorado,  Walker,  and  Fayette  were  all  damaged  to  some 
extent.  Among  the  Louisiana  parishes  injured  we  may  mention  Rich- 
land, Claiborne,  East  Feliciana,  and  Jackson.  In  Mississippi,  the 
Bouthem  part  of  the  State,  including  Wilkinson,  Jefferson,  and  Coving- 
ton Counties,  was  overrun,  but  the  crop  was  not  seriously  damaged. 
Alabama  and  Georgia  were  comparatively  unharmed,  while  in  Florida 
the  worms  were  numerous,  but  not  particularly  destructive.  In  the 
annual  report  of  this  Department  for  1877  the  loss  from  caterpillars  for 
this  year  is  estimated  in  round  numbers  at  (15,000,(100. 

Concerning  the  occurrence  of  cateri>illars  in  1878,  we  are  unable  to 
get  very  full  statistics,  since  the  prevalence  of  yellow  fever  in  parts  of 
the  South  rendered  correspondence  difficult  and  drew  the  attention  of 
the  planters  from  their  crops  to  their  personal  safety.  The  worms  ap- 
peared early  in  Texas,  and  were  reported  soon  after  the  1st  of  June 
from  Uvalde,  A^tascosa,  Matagorda,  Brazoria,  Victoria,  Lavaca,  Fort 
Bend,  Austin,  Hardin,  Polk,  and  Jasper  Counties.  In  spite  of  this 
early  appearance  they  seem  to  have  spread  but  little,  and  in  none  of 
the  counties  mentioned  did  the  loss  exceed  one-fifth  of  the  crop.  All 
through  the  cotton  belt  the  season  was  a  very  fine  one,  and  the  crop 
nised  largely  exceeded  that  of  1877.  In  South  Carolina,  the  worms 
were  rei)orted  from  liichland  and  Clarendon  Counties  late  in  the  fall. 
In  Georgia  they  were  not  noticed  until  late  in  August,  and  then  only  in 
the  more  southern  portion  of  the  State.  Baker,  Thomas,  Dodge,  Lee, 
and  Early  reported  them  in  September,  and  later,  Dooly,  Laurens, 
and  Worth.  In  Alabama  and  Louisiana  the  worms  were,  as  in  the  pre- 
ceding States,  not  reported  until  late,  and  their  injuries  were  not 
severe.  Coffee,  Bullock,  Covington,  Dallas,  Barbour,  Macon,  Baldwin, 
Crenshaw,  Monroe,  Conecuh,  Dale,  Wilcox,  Lowndes,  Autauga,  Jeffer- 
Bon,  Uale,  Montgomery,  Perry,  Greene,  Sumter,  and  Pickens  Counties, 
Alabama;  and  Concordia,  Caddo,  Franklin,  Lafayette,  Madison,  Bos- 
sier, and  Bienville  Parishes,  Louisiana,  all  returned  more  or  less 
^mage.  In  two  Arkansas  Counties — Pope  and  Crawford — the  crop 
^as  also  damaged.    In  Florida  nearly  all  of  the  counties  belonging  \a> 
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the  northern  tier  were  infested,  but  none  badly;  the  crop  of  Hills- 
borough County,  farther  south,  was,  however,  considerably  shortened. 

In  1879  the  worms  were  noticed  and  reported  earlier  than  .ever  be* 
fore,  but  this  is  due  to  the  fact  that  active  workers,  attached  to  tho 
Commission  and  to  the  Department,  were  on  the  lookout  for  them. 
They  were  reported  in  the  canebrake  region  of  Alabama  by  Mr.  Tre- 
lease,  and  in  the  Colorado  bottom,  in  Texas,  by  Mr.  Schwarz,  about  the 
middle  of  May;  1879  was  not,  however,  a  bad  worm  year.    Although 
some  localities  suffered  considerable  loss,  the  general  loss  was  far  from 
great.    From  the  September  report  upon  the  condition  of  crops,  issued 
by  this  Department,  we  learn  the  following:  The  caterpillars  were  pres- 
ent in  great  numbers  on  the  1st  of  September  in  Beaufort  County, 
South  Carolina ;  Baker,  Dooly,  Muscogee,  Brooks,  Lee,  and  Stewart 
Counties,  Georgia;  Putnam,  Bradford,  Sumter,  and  Marion  Counties, 
Florida,  and,  in  a  lesser  degree,  in  Madison,  Leon,  Suwannee,  and 
Gkulsden.    In  Alabama,  Wilcox,  Bullock,  Coffee,  and  Perry  suffeied 
considerably,  while   Dale,  Lowndes,  Monroe,  Barbour,  and  Conecuh 
were  overrun  wit&  less  resulting  damage.    Mississippi  reported  the 
caterpiUars  in  Lauderdale,  Bankin,  Scott,  Newton,  Carroll,  Lowndes, 
Oktibbeha,  Copiah,  Stiarkey,  Hindes,  Leake,  Holmes,  and  Jasper. 
Louisiana  sent  in  not  a  single  report  of  loss;  and  Texas  only  Austin, 
Trinity,  Waller,  and  Harrison;  Arkansas,  Drew  County.     The  No- 
vember report  increased  this  list  by  Thomas  County,  Georgia;  Alachuai 
Wakulla,  and   Hamilton   Counties,  Florida;   Clarke,  Hale,  and  Lee 
Counties,  Alabama;  Amite,  Newton,  and  Smith  Counties,  Mississippi; 
and  Brazos  and  De  Witt  Counties,  Texas ;  the  two  last  reporting  the 
crop  as  being  almost  entirely  destroyed  by  worms.    The  year,  as  a 
whole,  was  not  a  favorable  one  for  cotton ;  and  the  crop,  as  a  whole,  fell 
short  of  that  of  the  previous  year  in  spite  of  an  increased  acreage. 

In  1880  there  seemed  to  be  no  especially  marked  increase  in  the  num- 
ber of  the  worms  over  the  previous  year.  The  season  was  a  fiayorable 
one  for  cotton  throughout  its  whole  extent  in  the  Carolinas,  (Georgia, 
Florida,  and  Texas;  although  too  wet  after  August  in  Alabama,  Mis- 
sissippi, and  Louisiana,  and  dry  in  Arkansas  and  Tennessee.  As  early 
as  June  4,  the  worms  were  reported  as  doing  much  damage  in  Bossier 
Parish,  Louisiana,  and  in  one  or  two  Texas  counties.  In  July  they  ap- 
peared in  Decatur,  Early,  Quitman,  Sumter,  and  Dooly  Counties, 
Georgia;  Gadsden  and  Madison,  Florida;  Bullock,  Hale,  Perry,  Bald- 
win, Macon,  Marengo,  and  Greene,  Alabama;  Panola,  Covington, 
Clarke,  Kemper,  and  Simpson,  Mississippi ;  Pointe  Couple  and  Madi- 
son, Louisiana;  Jackson,  Falls,  and  Walker,  Texas.  The  final  reports 
for  the  season  show  that  the  damage  in  Georgia  was  considerable  in 
Decatur,  Lee,  and  Quitman;  slight,  or  comparatively  slight,  in  Screven, 
Troup,  Early,  Sumter,  and  Dooly ;  considerable  in  Lafayette,  Florida, 
but  less  in  Marion,  Gadsden,  and  Madison;  considerable  again  in  Bar- 
bour, Elmore,  Crenshaw,  Bullock,  Hale,  and  Macon  Counties,  Ala- 
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bama,  and  less  again  in  Marengo,  Perry,  and  Greene;  considerable  in 
Panola  and  Noxnbee,  Mississippi,  and  less  in  Jefferson,  Covington, 
Clarke,  Kemper,  and  Simpson;  considerable  in  Bienville,  Caddo, 
Bossier,  and  Sabine  Parishes,  Louisiana,  and  comparatively  small  in 
Washington,  Pointe  Couple,  Madison,  Ouachita,  Saint  Helena,  More- 
hoase,  and  Calcasieu;  considerable  again  in  Comanche,  Erath,  Bastrop, 
Harris,  Robertson,  Wharton,  Matagorda,  Brazoria,  Fort  Bend,  Austin, 
Limestone,  Montgomery,  Walker,  and  Brown  Counties,  Texas,  and  less 
80  in  Polk,  Bexar,  Karnes,  De  Witt,  Jackson,  Falls,  Titus,  Victoria, 
Harrison,  Coryell,  Montague,  and  Paine.  In  Arkansas,  the  crop  of 
Hempstead  County  was  damaged. 

The  following  summary  of  the  losses  in  1881  is  taken  from  the  Annual 
Eeport  of  the  Department  of  Agriculture  for  1881-'82: 

Alabama. — Talladega :  Appeared  late  and  only  on  luxuriant  growth  in  some  sectionB. 
UmeiUme :  Shed  more  from  want  of  prox)er  cultivation  and  rain  and  drought.  Lawrence : 
In  low  bottom-lands  to  some  extent.  C&necuh:  All  the  top  crop  destroyed.  Barbour: 
Partially  in  many  fields  rust  preceded  the  caterpillars  and  destroyed  what  they  would. 
Pewf:  Prairie  early  and  sandy  laud  later.  Chilton :  About  three-fourths  stripped  of 
lesTes  early ;  after  rain  budded  out  but  made  nothing.  De  Kalb :  Stripped  in  some 
leetions.  Saint  Clair:  Some  fields  were  not  touched  while  others  were  entirely 
■tripped.  Cherokee:  Some  fields  stripped  early,  others  not  at  all.  Buesell;  Onbottom- 
hncl)  early.    Marengo:  Stripped  entirely  where  no  poison  was  used. 

Arkansas. — Hempetead:  Some  spots  none ;  others  as  high  as  50  per  cent.  Pulaeki: 
£trlier  than  ever  before.  Woodruff:  Only  the  foliage  and  unmatured  bolls.  Jackeon : 
By  the  Anny  Worm.  Montgomery :  Many  fields  stripped  after  the  cotton  had  matured. 
Popt:  Later  than  xMual.  Howard:  Leaf  Worm  came  early  bat  did  no  damage. 
Uwroe:  Whole  religion  stripped  bare  of  foliage. 

Georgia. — Bihh:  On  bottom  and  new  land  only.  Mueoogee:  On  lowlands  early; 
uplands  later.  X^npfides :  Second  crop  pf  foliage  entirely  stripped.  Hancock:  Entirely 
on  low,  wet  lands.  Jonee:  Stripped  entirely  on  red  lands;  gray  land  suffered  but 
little.  Dooljf:  Only  partially.  Morgan:  In  consequence  of  the  very  late  fall  and 
frost.  Xinoo/a :  Few  fields.  Xl&rr/i/:  Partially.  JE^aWj^ ;  Some  localities  early.  Oconee: 
Picking  of  the  best  cotton  was  done  before  the  worms  came. 

Florida. — Columbue:  ^lany  fields  stripped.  Madison:  Only  in  portions  of  the 
oonnty.    Sumter:  Was  stripi>ed  eutirely. 

TK>7fK88BS. — Bedford:  Boll- worms  are  unknown  here,  thongh  caterpillars  stripped 
theleares.  Lincoln:  Stripped  of  leaves.  Dickeon:  Very  little  damage  done  in  this 
Monty.     White:  Boll- worms  do  the  most  damage. 

South  CJLBOLmA. — Oconee:  Only  partially  in  limited  localities.  ChreenviUe:  Crop 
Blade  before  worms  came.  Newberry :  In  some  localities,  but  so  late  in  season  as  not 
to  injure  yield;  rather  benefit  it  by  exposing  the  unopened  bolls  to  sun.  Abbeville: 
Where  it  appeared  did  not  more  than  eat  the  leaves  on  the  plant.  BarneiMle  :  Stripped 
elean  of  leaves  and  young  bolls,  which  came  too  late  to  make  anything. 

North  Carolina. — Came  too  late  to  do  any  damage.  Lenoir :  Did  not  apx>ear  only 
in  a  few  places.  Columbus:  Only  appeared  in  a  few  places  and  too  late  to  do  any 
damage.  Cabmrrus :  Did  not  appear  till  after  crop  was  picked ;  they  then  stripped  the 
plant.  WUsom:  A  few  appeared  Just  before  frost,  hut  did  no  damage.  Cumberland: 
Few  fields  had  the  leaves  eaten  off,  but  too  late  to  do  any  damage.  Pitt:  Few  places 
they  appeared,  but  too  late  to  do  any  damage.     Cleveland :  Very  little. 

Louisiaka. —  Union :  A  few  places  had  then  reported,  but  no  damage  done.    Jackson : 
Stripped,  bnt  after  maturity.    Lincoln :  In  some  places,  but  not  until  after  it  was 
picked.    Franklin:  Not  until  picking  was  over,  then  only  partially.    East  Carroll: 
Stripped,  except  very  high  land  or  shaded. 
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Mississippi.— CTfiton:  In  some  localities,  but  after  cotton  matured.  Tate:  Second 
growth  eaten  by  them  (leaves)  bolls  not  hnrt.  Chiekaaato :  Army  Worm  destroyed  top 
crop.  Aloom :  In  a  few  localities,  bat  after  the  crop  had  mostly  opened.  Prmiw'. 
Did  not  appear  nntil  aboat  frost,  and  did  no  harm.  Bankin :  Very  little,  and  aftei 
bolls  were  matured.  Jefferson :  Destroyed  all  top  crop.  Clay :  Bottom  crop  at  matoT' 
log.  Issaquena:  Only  partially,  and  that  late.  Clarke:  Owing  to  the  early  droagbl 
the  leaves  became  so  hard  and  dry  that  they  made  very  slow  progress. 

Texas.— Goiuerafes :  In  some  places  early;  others  late.  Bee:  Damage  at  first  o 
season  by  Grass- worm.  Colorado:  In  some  sections  whero  not  poisoned.  Denton 
Partially  by  the  Web- worm.  Lee:  Where  poison  was  not  used  the  plant  was  geaei 
ally  stripped.  Houston:  In  very  few  sections,  and  very  late.  fVise:  Came,  but  to 
late  to  do  harm.  Brazos:  Very  late ;  too  late  to  injure.  Live  Oak:  In  some  localitio 
Wood:  Too  late  to  damage.  Lampasas:  Came  too  late  to  damage.  Milam:  Secon 
crop  damaged  in  some  localities.  Van  Zandt :  Caterpillars  came  early  and  made  clea 
sweep.  Orimes:  Only  top  crop  injured,  which  seldom  amounts  to  anything.  Pa 
Binio :  Stripped  but  very  little.  Leon :  In  some  places,  but  too  late  to  do  damag 
Fannin :  Some  fields  were  stripped,  but  not  until  it  was  all  opened. 

HISTORY  OF  REMEDIES. 

From  the  early  days  when  the  Creoles  of  Louisiana  fought  the  ch 
nille  which  was  destroying  their  cotton,  with  "holy  water,"  down  to  tl 
present  time,  when  the  improved  sprinklers,  with  their  extended  aro 
and  many  jets  of  poisoned  spray,  are  drawn  through  the  fields,  destro: 
ing  the  worms  upon  eight  to  twelve  rows  of  cotton  at  once,  it  is  pla 
that  immense  improvement  has  been  made.  Let  us  glance  at  the  ste] 
by  which  this  was  brought  about. 

Naturally  the  first  remedy  which  the  planter  would  try  would  be  i 
destroy  the  worms  by  hand,  and  this  really  ^as,  so  far  as  we  can  fin< 
the  first  method  used.  The  next  remedy  was  suggested  by  the  avidit 
with  which  poultry  devoured  the  worms.  Dr.  Chisholm  says  concer 
ing  his  observations  in  Guiana  in  1801-'02 :  "  A  prudent,  economic 
planter  will  increase  the  brood  of  every  species  of  domestic  poultr, 
particularly  turkeys ;  for  this  has  a  tendency  to  diminish  the  brood  < 
the  chenille  in  a  very  great  degree,  while  profit  arises  from  the  auj 
mentation  of  useful  stock.  Turkeys  are  observed  to  have  a  remarkab 
appetite  for  the  larvae  of  the  Cotton  Moth  and  devour  prodigious  qua 
tities  of  them."  With  this  remedy,  however,  Dr.  Chisholm's  practic 
ideas  seem  to  cease,  for  he  goes  on  to  describe  how  the  worms  may  I 
killed  by  burning  sulphur  on  a  chafing-dish,  the  plant  being  coven 
meanwhile  by  a  canvas  hood  I  By  the  use  of  this  remedy  (as  Mr.  WaiL 
many  years  afterwards  very  justly  remarked)  a  hand  might,  with  exce 
tional  diligence,  go  over  an  acre  in  fifteen  or  twenty  days! 

For  many  years  hand-picking  and  the  keeping  of  large  poultry  yan 
were  the  only  remedies  practised;  yet  excellent  success  was  attains 
where  thorough  and  energetic  planters  tried  to  save  their  crops  by  the^ 
means,  as  is  evinced  in  the  following  quotation  from  Seabrook  (1843 

The  caterpiUar  appeared  in  several  parts  of  the  field  of  John  Townsend,  of  Sai 
John's,  Colleton,  early  in  August  last.  The  plants  were  luxuriant  in  growth  ai 
tender  in  weed  and  leaf,  and  the  weather,  being  warm  and  rather  moist,  was  altogetb 
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propitioas  to  tbe  spread  and  multiplying  of  the  worms.  By  the  adoption  of  prompt  and 
TigoroQfi  measnresy  some  of  which  are  new,  and  a  rigid  perseverance  in  their  execution, 
his  crop  escaped  unscathed,  while  many  of  his  feUow-laborers  who  lacked  faith  in  any 
remedy  suffered  greatly.  In  the  attainment  of  his  purpose  the  means  resorted  to  by 
Mr.  Townsend  were  tbe  following : 

1.  His  people  searched  for  and  killed  both  the  worm  and  the  chrysalis  of  the  llrst 
mod, 

2.  On  tbe  appearance  of  the  second  brood  he  scattered  com  oyer  the  field  to  invite 
^e  notice  of  the  birds,  and  while  they  depredated  on  the  worms  on  the  top  of  the 
vtalks  and  their  upper  limbs,  the  turkeys  destroyed  the  enemy  on  the  lower  braucbes. 

3.  When  in  the  aurelia  (chrysalis)  state  the  negroes  crushed  them  between  their 


..  4.  Some  patches  of  cotton  where  the  caterpillars  were  very  thick  and  the  birds 
and  turkeys  could  not  get  access  to  them  were  destroyed. 

5.  The  tops  of  the  plants  and  the  ends  of  all  the  tender  and  luxuriant  branches, 
where  the  eggs  of  the  butterfly  are  usually  deposited,  were  cut  off. 

By  these  means,  resolutely  pursued,  although  at  one  time  the  prospect  of  check- 
iDg  the  depredators  was  most  cheerless,  not  the  slightest  injury  to  the  field  was  sus- 
tained. The  experiment  cost  Mr.  Townsend  2^  acres  of  cotton,  about  15  bushels  of 
com,  and  tbe  work  of  all  bis  people  for  about  five  days. 

It  will  be  noticed  that  among  the  remedies  ased  by  Mr.  Townsend  was 
that  of  topping  the  cotton,  under  the  supposition  that  most  of  the  eggs 
are  laid  nipon  the  upper  and  tenderer  leaves.  This  was  one  of  the  early 
remedies,  but  has  often  been  urged  since,  and  has  its  disciples  to  the 
present  day.  As  we  shall  show  in  discussing  preventive  measures,  it 
may  be  employed  to  advantage  in  some  cases  late  in  the  season,  but  at 
the  most  critical^  period  of  the  year  the  eggs  are  mostly  on  the  lower 
part  of  the  plant. 

About  1840  Mr.  Wailes  first  publicly  recommended  the  carrying  of 
lighted  torches  through  the  fields  at  night  to  attract  and  kill  the  moths. 
Soon  after,  large  fires  began  to  be  built  in  different  parts  of  the  plan- 
tations for  the  same  purpose,  and,  later,  these  fires  were  built  upon 
elevated  platforms  floored  with  earth.  It  is  stated,  however,  by  Dr.  J, 
C.  Keal,  that  Col.  F.  D.  McDowell,  an  old  Florida  planter,  hail  begun 
the  use  of  fires  to  destroy  the  moths  as  early  as  1805.  First  and  last 
this  remedy  has  been  extensively  tried;  but  the  general  verdict  seems 
to  be  against  its  utility.  It  is  held  that  such  fires  attract  to  a  planta- 
tion many  more  moths  than  they  kill.  One  author  has  even  gone  so  far 
as  to  dispute  that  any  moths  are  destroyed  in  this  way,  stating  that 
repeated  observation  has  shown  to  him  that  the  rush  of  hot  air  carries 
them  up  and  away  before  they  can  reach  the  flame. 

Prior  to  1855  were  published  a  number  of  articles  recommending  the 
flying  of  white  flags  in  different  parts  of  the  fields,  and  stating  that  the 
moths  would  oviposit  upon  them.  Each  published  recommendation, 
however,  was  from  hearsay,  and  no  one  of  the  writers  was  able  to  say 
that  he  had  ever  seen  a  single  egg  upon  such  a  flag.  Where  the  idea 
started  we  are  unable  to  say. 

Clean  cultivation,  forcing  the  cotton,  and  rotation  of  crops  had  all 
been  urged  by  writers  before  this,  and  followed  by  many  planters,  no 
doubt  with  much  advantage. 
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Many  fanciful  remedies  had  also  been  suggested,  sach  as  soaking  the 
cotton  seed  in  a  poisonous  mixture  on  the  supposition  that  the  egg  of 
the  worm  was  contained  in  the  seed;  fall-plowing,  on  the  6upxK>sition 
that  the  pupa  hibernates  under  ground  ]  burning  the  cotton  stalks,  as 
they  were  supposed  to  contain  the  eggs ;  burning  the  nests  of  the  web- 
worms  on  trees,  which  were  thought  to  harbor  the  Ootton  Worms  during 
the  winter,  and  many  others  equally  fallacious. 

The  use  of  plates  with  an  adhesive  sweet  of  some  sort,  to  attract  and 
capture  the  moths,  had  been  tried  for  some  years  prior  to  1855,  but  we 
believe  that  Glover  was  the  first  to  publicly  suggest  the  addition  of 
IK)ison  to  the  mixture.  So  also  Olover,  in  his  1855  report,  was  the  first  to 
describe  a  trap  lantern  for  catching  and  destroying  the  moths. 

In  1860  the  idea  of  poisoned  sweets  was  elaborated  by  Mr.  J.  M.  Heard 
into  a  patent  moth  trap,  which  has  been  quite  extensively  used  through- 
out the  South,  and  which  is  spoken  of  in  the  chai)ter  on  remedies. 

After  the  close  of  the  war  the  planters  seem  to  have  awakened  from 
the  partial  apathy  which  they  had  before  shown  on  the  subject  of  rem- 
edies. In  Louisiana  a  sweep  plow  was  invented  which  brushed  the 
worms  from  the  plants  and  buried  them  under  ground.  Numerous 
stylesof  trap  lanterns  were  invented;  solutions  of  cresylic  soap, carbolic 
acid,  and  other  less  efficacious  compounds,  such  as  decoctions  of  quassia 
and  infusions  of  China  berries,  were  tried,  but  with  only  partial  success 
in  the  case  of  the  former,  and  none  in  the  case  of  the  latter. 

It  was  not  until  1871  that  arsenic  began  to  be  used  in  solution.  In 
January  of  that  year  Thos.  W.  Mitchell,  of  Bichmond,  Tex.,  obtained 
a  patent  for  its  use  against  the  Cotton  Worm. 

In  June  of  1872,  at  the  organization  of  the  American  Agricultural 
Congress  at  Saint  Louis,  it  was  our  privilege  to  deliver  before  the  Con- 
vention  a  lecture  on  Economic  Entomology.  There  were  many  Southern 
delegates  present,  and  in  the  discnssion  which  followed  the  lecture  we 
suggested,  in  answer  to  inquiries  from  General  Wm.  H.  Jackson,  of 
Kashville,  Tenn.,  and  Dr.  J.  O.  Wharton,  of  Terry,  Miss.,  that  the  Paris 
green  mixture,  which  was  proving  so  successful  against  the  Colorado 
Potato-beetle  at  the  North,  might  be  equally  efficient  against  the  Cot- 
ton Worm  in  the  South. 

In  May,  1873,  having  in  the  meantime  experimented  with  Paris  green 
upon  various  Lepidopterous  larvae  allied  to  the  Cotton  Worm,  we  read 
an  essay  before  the  second  meeting  of  the  Congress  at  Indianapolis,  in 
which  we  strongly  and  unhesitatingly  recommended  the  use  of  the 
green  for  this  particular  insect  An  abstract  of  the  essay  was  published 
in  the  Saint  Louis  Journal  of  Agriculture^  and  this  was  very  generally 
copied  in  the  agricultural  press,  especially  of  the  South.  The  extensive 
use  of  the  green  for  this  purpose  dates  in  reality  from  this  period, 
though  there  is  evidence  that  it  was  used  in  Texas  and  in  Alabama,  in 
1872,  whether  as  an  outgrowth  of  our  remarks  at  Saint  Louis  in  June, 
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or  from  the  logical  reasoning  of  some  energetic  planter  or  planters,  it 
ia  impossible  to  say. 

Becentlyy  however,  Mr.  J.  P.  Btelle,  agricnltnral  editor  of  the  Mobile 
BegiateTj  has  pnt  forth  Mb  own  claim  to  having  been  the  first  to  pub- 
licly recommend  the  nse  of  this  poison  for  the  Cotton  Worm.  This 
daim  he  bases  npon  an  article  which  appeared  in  the  Eegister  in  August, 
1872. 

This  article  appeared  as  an  editorial  in  the  body  of  the  paper  and 
not  in  Mr.  Stelle^s  agricultural  department,  a  fact  which  in  itself  would 
aigne  that  he  was  not  its  author.  Moreove/*,  the  article  does  not 
specifically  recommend  the  use  of  the  green,  but  simply  announces  the 
&ct  that  it  is  being  tried.  We  quote  the  paragraph  in  which  it  is 
found: 

We  have  bat  little  to  offer  in  the  way  of  remedies  with  which  to  oombat  this  i»ett 
of  the  plantefF.  Hand-picking  the  plants  is  snre  but  hardly  practicable  in  all  cases. 
FSres  built  aboat  the  field  at  night  would  be  likely  to  do  some  good  in  the  way  of 
dettroying  the  moth,  as  it  has  a  natural  disposition  to  fly  into  them.  We  know  of 
MTeral  persons  who  are  now  experimenting  with  dry  Paris  green  sprinkled  upon  the 
plintB  after  having  been  mixed  with  15  or  20  parts  dry  ashes  or  slacked  lime,  and 
ve  hope  to  hear  a  good  report  from  them. 

It  is,  moreover,  an  extremely  significant  fact,  and  indicative  of  the  au- 
thorship of  this  paragraph,  that  in  Mr.  Stelle's  subsequent  writings 
(see,  for  instance,  ^'  The  Cotton  Caterpillar  and  How  to  Combat  it  Suc- 
cessfully,'' Rural  Carolinian^  J^ly^  1874)  he  gives  the  entire  credit  of 
the  recommendation  to  our  essay  before  the  Indianapolis  meeting  in 
May,  1873 ;  and  it  is  only  recently  that  he  has  laid  any  claim  whatever 
to  an  earlier  announcement.^ 

In  the  fall  of  1873  the  following  circular,  doubtless  prompted  by  our 
Indianapolis  address,  was  issued  and  distributed  throughout  the  South 
by  the  Commissioner  of  Agriculture: 

PROTBCnOir  AGAIKST  COnON  INSECTS. 

The  annnal  loeaee  of  cotton  from  ravages  of  cotton  insects  amount  possibly  to  half 
ft  million  bales  in  yean  of  insect  preralence.  One -fourth  of  a  million  bales  would  be 
defined  a  light  infliction,  and  yet,  at  $100  per  bale,  such  a  loss  would  be  equivalent  to 
(25,000,000.  The  methods  to  be  employed  for  lessening  their  ravages  have  been  here- 
tofore canvassed  by  the  Entomologist  of  this  Department.  The  remedy  can  only  bo 
tpplied  by  the  planters  themselves,  and  their  own  experience  can  best  render  praoti- 
eible  and  efBcient  the  means  employed. 

Komerons  correspondents  have  of  late  been  experimenting  with  a  mixture  of  Paris 
gTMo  and  floor  or  plaster,  dusted  on  the  plants  when  wot  with  dew — a  remedy  which 
bas  proved  very  efficient  against  the  Colorado  potato-beetle  and  other  insects.  Some 
report  this < remedy  effectual  ag&inst  the  cotton-caterpillar,  while  others  declare  it  of 
DO  value  whatever ;  others,  still,  hesitate  to  try  it  for  fear  of  poisoning.  It  is  of  the 
utmost  importance  that  the  facts  in  the  exi^rience  of  planters  the  present  season 
ihonld  be  carefully  reported,  showing  the  quaUty  and  proportions  of  material  used» 
tlie  method  and  frequency  of  its  application,  and  the  observed  results,  that  a  thorough 
test  may  be  made  of  its  value  or  worthlessnesa.  The  answer  of  the  following  questiona 
is  therefore  requested : 


! 
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I.  What  is  the  resalfc  of  your  experience  or  observations  as  to  the  eflScacy  of  Parr- 
green,  or  other  arsenical  compounds  mixed  with  flonr  or  plaster,  for  the  destruction  -m 
the  cotton^aterpillar  f 

II.  In  what  proportions,  and  in  what  mode,  time,  and  frequency  of  application  ha"^ 
experiments  been  made  f 

III.  Have  any  injurious  effects  of  the  poison  been  observed,  either  upon  the  plaim.i 
or  the  soil,  or  in  human  poisoning  in  its  application,  or  in  the  destruction  of  beneficu 
insects,  as  bees,  &c.  f 

IV.  Have  you  used  any  other  remedies,  or  means  of  extirpation,  such  as  fires  o, 

torches  in  the  fields  to  destroy  the  perfect  moths  on  their  first  appearance,  aud  witli 

what  success  f 

Tours,  respectfully, 

FREIVK  WATTS, 

Commianoner. 

The  answers  to  this  circular,  published  in  the  Department  report  for 
1873,  showed  that  the  green  was  tried  during  the  season  in  seven  States 
and  seventy  counties,  and  that  its  success  had  been  almost  uniform. 

The  same  year  several  patents  were  taken  out  for  poisonous  mixtures 
to  be  used  in  destroying  the  Cotton  Worm,  and  some  of  them  reached 
a  great  sale  for  a  few  years — notably  Preston  &  Eobeira's  "  Texas  Cot- 
ton Worm  Destroyer,"  and  Johnson's  '^Dead  Shot."  But  it  has  become 
generally  understood  that  the  same  ingredients  can  be  used  in  slightly 
differing  proportions  without  infringing  upon  the  patents,  so  that  at  the 
present  day  the  patents  are  generally  disregarded. 

In  the  Monthly  Eeport  of  the  Department  for  November  and  Decem- 
ber, 1872,  Mr.  £.  H.  Derby,  of  Boston,  remarking  upon  the  fact  that  the 
worm  would  not  eat  jute,  suggested  that  a  belt  of  that  plant  around  a 
cotton-field  might  keep  the  worm  away.  A  year  later,  in  the  Monthly 
Beport  for  November  and  December,  1873,  Mr.  E.  La  Franc,  president 
of  the  Southern  Ramie  Planting  Association,  detailed  exi)eriments  with 
three  fields,  which  seemed  to  prove  the  practicability  of  the  use  of  jute 
as  a  preventive.  Subsequent  experiments,  however,  have  fail(Mi,  and  it 
is  probable  that  from  this  article  of  Mr.  La  Franc's  have  spread  the 
numerous  reports  of  the  efficacy  of  jute,  which  are  to  be  found  in  the 
back  files  of  many  Southern  papers. 

Since  1873  most  of  the  advance  in  remedies  has  been  in  the  way  oi 
invention  or  improvement  of  machinery  for  the  distribution  of  the  poi« 
Bonous  mixture  upon  the  plants.  This  machinery  will  be  fully  discussed 
in  the  chapter  on  remedies. 

The  cheap  arsenical  poison  known  as  London  Parple  was  first  ex-p^ 
rimented  upon  as  a  Cotton  Worm  remedy  by  us  during  the  season  oi 
1S78,  and  the  favorable  results  which  followed  its  use  induced  extensive 
experiments  the  next  year. 

It  is  hardly  necessary  to  add  that  it  has  grown  into  great  favoi*  wher- 
ever it  has  been  obtained  pure  and  has  been  judiciously  used. 

The  only  remaining  remedy  of  importance^Pyrethrum— was  first 
publicly  recommended  by  the  writer  for  this  purpose  in  first  edition  oi 
this  work,  our  first  experiments  with  it  upon  the  worms  having  been 
made  during  the  summer  of  1878. 


CHAPTER    IV 


THE  COTTON  WORM  IN  OTHER  COUNTRIES- 

Aletia  xylina,  although  widely  spread  in  the  Western  Hemisphere,  has 
not  yet  been  tband,  as  far  as  we  are  aware,  in  the  Eastern.  The  cotton 
crop  in  the  Eastern  coantries,  in  Egypt,  Greece,  India,  Australia,  has 
ite  insect  enemies :  in  Egypt,  a  Noctnid  larva ;  in  Greece,  various  species 
of  Cut-worms;  in  India,  the  Tineid  Boll-worm,  Depressaria  gossypiella; 
in  Aostralia,  a  red  bug  allied  to  the  Dysdercus  suturellus  of  the  West 
liidies ;  hut  Aletia  xylina  has  as  yet  been  found  only  in  North  and  South 
America  and  the  intervening  islands. 

Up  to  the  present  time  the  northernmost  point  at  which  Aletia  has 

been  collected  seems  to  be  Quebec;  and  as  to  its  southern  limit,  there 

seems  httle  doubt  but  that  it  is  found  in  SSio  Paulo,  one  of  the  southern 

provinces  of  Brazil.    Its  western  limit  is  the  Pacific,  although  we  have 

no  information  as  to  its  occurrence  in  California,  even  in  the  cotton 

fields  iu  the  southern  part  of  the  State.    It  is  found,  however,  upon  the 

ooast  farther  south  at  Mazatlan  and  Manzanillo,  Mexico,  as  shown  in 

the  following  extracts  from  correspondence  which  we  have  had  with  the 

United  States  consuls  at  these  ports,  Aletia  being  identified  in  most 

cases  from  specimens  received  : 

Consulate  of  the  United  States, 

Magadan,  December  3, 1879. 
*  •  •  .The  Cotton  Worm,  or  as  known  here  by  fche  name  of  the  Army  Worm,  the 
Bad  Wonn,  and  the  BoU  Worm,  are  the  worst  insect  enemies.  The  regular  Cotton 
or  Army  Worm  attacks  the  cotton  plant  every  year,  bat  about  once  in  four  years  is 
very  destrnctive.  It  appears  to  be  deposited  by  a  fly  on  the  underside  of  the  leaf, 
which  rolls  up,  and  in  a  few  days  the  worm,  of  about  2  inches,  appears.  During  the 
winter  months  it  disappears.  Cotton  was  first  introduced  into  this  State,  in  1863,  by 
an  American,  Mr.  Francis  Nolan ;  it  was  produced  from  seed  brought  from  the  State 
of  Guerrero.  It  does  not  grow  wild  in  this  State.  The  first  years  but  little  trouble 
WM  experienced  from  the  Cotton  Worm ;  but  each  year  they  have  given  more  trouble, 
especially  if  cotton  is  planted  again  on  the  same  ground.  The  prevailing  direction 
of  the  wind  daring  the  months  from  March  to  July  is  from  the  east  in  the  morning, 
and  from  the  southwest  in  the  afternoon. — [£.  G.  Kelton,  Uulted  States  Consul. 

Manzanillo,  Mbx.,  December  26,  1879. 
The  larger  worm  or  caterpillar  {AnomU  xylina)  has  made  it  appearance  on  this  coast 
three  times  during  the  last  twenty  years,  in  1866,  in  1873,  and  again  in  1878.  It  is  a 
dark  green  looking  worm,  with  white  and  black  lines,  and  destroys  the  cotton  plant 
by  devouring  the  leaves.  It  is  as  yet  impossible  for  me  to  $nd  out  the  origin  or  even 
babits  of  this  worm.  I  have  investigated  the  supposed  causes  of  its  appearance,  but 
without  saooees ;  the  farmers  hero  have  not  the  slightest  idea  about  it.    An  apparent 
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eoinddence  between  the  ftppearuioe  of  this  plagae  and  oretflooding  of  riven  in  the 
ootton  regions  should  be  mentioned. 

1865,  September,  high  floods,  complete  inundation  of  cotton  lands.  Febmary,  liXI^ 
api>earance  of  the  caterpillar  in  small  numbers,  not  causing  much  damage. 

1872,  September,  floods,  partial  inundation  of  cotton  lands,  high  lands  and  ridges  in 
the  Talleys  not  flooded.  Febmary,  1873,  appearance  of  the  plague,  and  total  deetmc- 
tion  of  cotton  plantations. 

1878,  September,  high  floods,  complete  inundation  of  cotton-growing  valleys.  1879, 
Febmary,  partial  plague,  small  damage  done  by  the  caterpillar. 

I  am  of  the  opinion  that  the  worm  has  not  been  imported  into  Mexico,  bat  origin- 
ates in  the  ootton  valleys  in  such  seasons,  when  the  peculiar  condition  of  the  soil  and 
dimate  combine  to  favor  the  development  of  the  larva. 

The  cotton  lands  in  this  vicinity  are  bounded  on  the  W.  by  the  Pacific  Ocean,  on 
the  £.  by  high  mountains,  la  Sierra  Madre,  on  the  N.  and  S.  by  dense  woods  and  tracts 
of  uncultivated  lands.  These  circumstances  present  a  great  many  obstacles  to  the 
flight  of  the  Cotton  Moth.  The  nearest  cotton  plantations,  as  well  to  northward  as  to 
southward,  are  at  a  distance  from  Manzanillo  of  at  least  100  miles. 

Cotton  has  been  grown  in  the  State  of  Colima  for  the  last  fifty  years.  It  does  not 
grow  wild,  but  if  abandoned,  some  plants  grow  up  to  good  sized  trees,  bearing  fruit 
regularly  every  year. 

The  directions  of  prevailing  winds  on  this  coast  are  the  following,  viz: 

January,  S.  andW.;  February,  W.  andN.  W.;  March,  W.andN.  W.;  April,  N.  W.; 
May,  N.  W.;  June,  S.  and  N.  W.;  July,  8.  and  W.;  August,  S.  and  W. ;  September,  8. 
and  W.;  October,  S.  and  W.;  November,  S.  and  W.;  December,  S.  and  W. 

The  north  and  northwest  winds  blow  generally  during  the  day.  At  night  these 
winds  change  to  the  north  and  northeast. 

I  give  the  prevailing  winds  for  the  whole  year,  as  our  planting  and  picking  seasons 
here  are  different  from  those  in  the  United  States. — [Augustus  MorriU,  United  States 
Consul. 

On  the  Gulf  coast  of  Mexico  Aletia  is  alsofonnd.  The  foUowlDg  ac-. 
count  of  its  work  in  the  consular  district  of  Vera  Cruz  is  from  the  Amer- 
ican UntomologUt,  Yol.  Ill,  p.  179  (July,  1880): 

iKTERESTISrO  COTTOX  WORM  NOTES  FROM  VkBA  CRUZ,  MEXICO.— In  this  CODSUlar 

district  about  8,000,000  lbs.  are  produced.  The  peculiarities  of  culture  are  striking. 
The  ground  is  prepared  by  removing  rubbish,  and  then  the  seed  is  planted  by  insert- 
ing a  sharp  stick  in  the  ground  at  convenient  intervals ;  into  the  holes  thus  made  the 
seed  is  deposited  and  covered  by  the  foot.  No  plows  are  used  in  this  preparation  for 
the  seed,  nor  are  they  often  used  in  the  subsequent  stages  of  cultivation.  They  pull 
out  the  larger  weeds  or  use  the  hoe,  confining  their  labor  to  little  more  than  such. 
It  is  dear  from  that  kind  of  culture  that  the  cotton  plant  must  be  forced  into  much 
bad  company,  and  be  assaulted  with  destmctive  enemies.    After  extensive  inquiries 

I  find  no  one  scientificaUy  informed  on  the  full  habits  of  these  enemies. 

•  •••••• 

It  is  a  hotly  disputed  point  as  to  what  becomes  of  the  worm  during  the  '<  six  or  eight 
years''  when  it  does  not  appear,  and  no  one  in  my  circuit  of  acquaintance  gives  me 
anything  better  than  a  superstition  for  a  solution  of  the  problem.  Our  climate,  never 
giving  us  frost,  scarcely  affects  the  constant  germinal  qualities  of  plants  or  the  enemies 
thereof,  and  it  has  been  asserted  to  me  that  at  one  place  or  another  the  Cotton  Worm 
can  always  be  found.  However,  the  difficulty  I  have  experienced  in  obtaining  the 
specimens  sent,  induce  me  to  doubt  the  correctness  of  that  assertion. 

The  worm  has  been  here  as  long  as  cotton  has  been  cultivated  by  the  Mexicans. 
We  have  historical  accounts  that  cotton  was  grown  and  utilized  since  the  twelfth 
oentaiy,  bat  have  no  data  that  it  was  ox  was  not  naturally  indigenous.    But  if  said 
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hiitoiy  bo  reliable  it  i«  fair  to  prasnme  that  it  was  indigenooa,  beoaixBe  there  is  no 

knowledge  of  commercial  relations  with  foreign  conntries  at  that  period. 

« .  •  •  •  •  •  • 

The  winds  here  are  easterly  and  southeasterly. — S.  T.  Trowbridge,  U.  8.  Consul, 
YeraCmz,  Mexico,  March  3, 1680. 

I  Mod  yon  a  bottle  contatning  Yarioos  kinds  of  worms  that  destroy  the  cotton  and 
pUnt  They  are  all  I  have  been  able  to  procure.  This  is  now  the  part  of  the  year  in 
vhieh  the  worms  usually  ajipear,  and  they  hare  been  gathered  near  San  Andres  TuxtlAi 
OD  the  Bouthem  coast  frooi  here. 

•  •  .•  •  •  •  • 

On  the  coast  they  are  called  pdUmoB  (moth)  or  ndlomilta  (chrysalis  or  aurelia).  Said 
paloms  is  ash-color,  and  is  nocturnal  in  its  habits.  The  moth  produces  a  multitude 
of  microecopio  eggs  on  the  plant,  which  eggs  create  the  worm,  also  microscopic,  and 
which  commences  immediately  to  devour  the  plant,  and  so  continues  until  it  gets  to 
the  Btate  of  enrolment,  in  order  to  pass  through  the  last  metamorphosis.  I  have  not 
been  able  to  obtain  sufficient  data  to  say  whether  they  were  imi>orted  into  this  coun- 
try, bnt  I  am  assured  that  they  do  not  make  their  appearance  every  year  at  the  same 
place,  or,  better  said,  they  only  come  one  or  two  years  in  succession,  then  disappear 
for  six  or  eight  years.    They  are  not  to  be  found  in  all  the  country  at  one  time.    Their 

leprodnction  is  usually  ascribed  to  our  southern  coast. 

•  •  *  •  •  •  • 

I  nnderstand  their  invasion  can  be  victoriously  combated  by  sprinkling  dry  chloride 
of  lime  over  the  ground  and  plants,  or  an  aqueous  solution  of  the  same,  and  I  have 
leeommended  tliis  remedy  to  those  living  on  the  coast  for  a  tziaL — ^B.  de  Zayas  £nri- 
qnei,  Vera  Cnu,  March  2, 1880. 

[The  worms  sent  by  Setter  Enriques  are  the  genuine  Aletia  of  all  sizes,  but  mostly 
Aill-grown.    The  facts  communicated  in  the  above  reports  are  most  interesting,  not 
only  on  account  of  the  remote  period  to  which  the  growth  of  cotton  may  be  traced 
OD  this  continent,  but  also  because  of  the  general  observations  as  to  the  reoccurrence 
of  the  insect  in  injurious  numbers  at  irregular  periods  only.    In  other  words,  the  in- 
Met  presents  the  same  phenomena  in  Mexico  as  in  this  coui|try,  and  the  same  facts 
spon  which  the  theory  of  annual  immigration  to  the  United  States  have  been  largely 
bised  will  hold  equally  true  of  a  country  essentially  below  the  frost  line.    This  all 
goes  to  prove  the  correctness  of  our  conclusions  that  the  absence  of  Aletia  during  cer- 
tain years  is  apparent  only,  and  that  its  undue  multiplication  during  other  years  is 
paralleled  by  similar  phenomena  in  respect  of  many  other  insects,  and  notably  of  the 
Korthem  Army  Worm,  the  apparently  sudden  appearance  and  disappearance  of  which 
orer  vast  regions  is  even  more  marked  than  in  the  case  of  Aletia.    Yet,  as  wo  have 
ihown  in  the  case  of  both  these  insects,  they  may  always  be  found  in  limited  numbers 
even  when  their  presence  is  not  suspected.] 

The  following  notes  on  the  appearance  of  the  worms  in  Yucatan,  we 
extract  from  onr  correspondence: 

United  States  Consitlate  at  Mbrida, 

November  22, 1879. 

The  culture  of  cotton  is  very  slight  here.  It  is  cultivated  only  in  the  southern  part 
of  this  city,  and  in  very  small  quantity;  it  grows  to  the  height  of  12  feet.  No  other 
inaect  enemies  are  known  but  the  worm,  and  this  worm  is  exactly  as  described ;  that 
ia^  a  green  worm  with  white  lines  and  black  dots.  This  worm  is  always  on  the  cotton 
leaf,  and  there  is  no  doubt  that  eating  the  leaf  it  kills  the  plant.  It  does  not  touch 
the  boU,  as  it  remains  always  on  the  leaf.    If  possible  I  will  send  specimens. 

Cotton  has  been  growing  here  for  more  than  sixteen  years  and  grows  wWdt'V^Tit  VV»Na 
inferior  to  the  euJtirBted  plant    The  prevaiiing  direction  of  winda  dniVn^l&SitO^ 
ApnJ,  Jane,  and  JnJy  ia  generaUy  aontheast.^lhL  Ceballos,  U.  8.  "Vioft-OonBaV. 
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Passing  over  to  the  West  Indies,  'we  find  that  the  caterpillar  was  dfe- 
stmctive  to  cotton  in  the  Bahamas  from  the  earliest  cultivation  of  the 
plant.    In  1788  we  are  told  by  various  narrators  that  280  tons  of  cottoc 
were  destroyed.    In  1794  two-thirds  of  the  crop  on  Acklin's  Island  wac 
lost.    From  this  time  up  to  the  emancipation  of  the  slaves,  in  1834,  the 
worms  were  injurious  every  year,  but  at  this  time  the  cultivation  of  the 
crop  ceased  until  the  outbreak  of  the  civil  war  in  the  United  States, 
when  it  was  again  begun,  only  to  cease  at  the  close  of  the  straggle. 
According  to  the  inhabitants,  the  Cotton  Worm  has  not  been  seen  since 
a  great  hurricane  which  visited  the  islands  in  1866,  and  Mr.  Schwarz,  in 
the  spring  of  1879,  was  nnable  to  find  a  trace  of  it  in  any  stage. 

In  Cuba  the  cultivation  of  cotton  ceased  some  fifty  years  ago,  and 
Mr.  J.  P.  Guarch6,  United  States  consul  at  Matanzas,  wrote  the  Depart- 
Dient,  in  1855,  giving  as  the  reason  the  superior  profits  of  sugar  cane 
and  tobacco,  and  the  fact  that  ^^the  soil  generates  a  worm  which 
attacks  the  cotton  plant  and  destroys  the  greater  part  of  the  crop  almost 
every  year.  This  worm  is  said  to  infest  the  plantations  of  our  Southern 
States,  but  it9  ravages  there  are  represented  to  be  trifiing  in  comparison 
with  what  they  are  here.'^ 

In  Santo  Domingo,  Porto  Bico,  Trinidad,  Barbuda,  and  Ouadaloupe, 
the  Cotton  Worm  has  probably  always  been  present,  but  we  have  no 
absolute  information  beyond  the  fact  that  in  the  British  Museum  Cata- 
logue of  Lepidoptera,  Part  XIII,  p.  989,  four  specimens  of  Anomis  groMdi- 
puncta  (synonym  of  Aletia  xylina)  are  entered  from  Santo  Domingo. 

In  Martinique  it  exists  without  much  doubt,  as  appears  from  the  f<d- 
lowing: 

Ukited  States  Consulate, 
Mariinique,  W,  L,  Deoember  11,  1879. 

Cotton  is  not  onltivated  to  any  extent  in  Martinique.  There  is  not  a  cotton  planta> 
tion  upon  the  island ;  there  are  only  a  few  traces  here  and  there,  and  these  grow  wild 
npon  the  southern  part  of  the  island.  The  worst  insect  enemy  is  a  green-looking 
worm  with  white  points  on  either  side.  I  am  told  that  this  worm  has  been  here  since 
the  first  cultivation  of  cotton  npon  the  island.  The  prevailing  direction  of  the  wind 
during  the  months  of  March,  April)  June,  and  July  is  east-northeast.  ~LW.  H.  Gar* 
field,  United  States  Consul. 

Cotton  was  formerly  one  of  the  staple  crops  of  this  island,  and  Mr. 
Orote  in  his  report  to  us  states  that  he  was  informed  by  the  Hon.  £ob- 
ert  Toombs  that  in  1801-'02  there  was  an  emigration  of  French  cotton 
planters  from  Martinique  to  Georgia  on  account  of  the  ravages  of  the 
Cotton  Worm. 

In  the  northern  countries  of  South  America  Aletia  is  abundant  with- 
out doubt.  The  British  Museum  {loc.  cit.)  possesses  specimens  from 
Venezuela;  and  the  following  note  from  Maracaibo  refers  to  this  species: 

U17ITED  States  Commebcial  Agbnct, 
MaracaibOf  FenezuelOy  Ff^truary  18, 1880. 

*  *  *  The  worst  enemy  of  the  cotton  plant  is  the  caterpillar.  There  are  two 
distinct  kinds.    One  is  green  and  rather  small,  and  the  other  kind  has  a  green  belly 
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ADd  jeDowish  back  with  brown  stripee.  •  *  •  The  caterpillars  generally  appear 
in  the  spring-time ;  that  is  to  say,  in  Febmary  and  March,  and  at  times  in  such  quan- 
tities that  they  succeed  in  destroying  whole  plantations  of  cotton.  If,  however, 
the  ndny  seasons  continue  a  short  time  beyond  their  nsoal  period,  they  are  almost 
All  destroyed  by  the  rains. 

These  caterpillars  have  been  known  ever  since  the  first  time  that  cotton  was  raised 
here,  and,  so  &r  as  I  can  gather  from  information  received,  are  indigenous  to  the  coun- 
try and  in  no  way  imported  from  elsewhere.  *  *  *  The  winds  that  prevail  in  that 
partof  the  country  are  north-northeast  and  south-southeast.— [£.  H.  Plumaoher,  Com* 
merdal  Agent. 

The  smaller  caterpillar  referred  to  is  Aletia,  and  the  larger  one  a 
large  sphingid  larva. 

In  British  Ooiana  the  Cotton  Worm  was  in  former  years  very  abon- 
daiit  and  destractive.  Dr.  Ghisholm  *  has  given  a  long  account  of  its 
method  of  work  and  the  remedies,  which  is  quoted  freely  in  the  Eeport 
of  the  Department  of  Agriculture  on  Cotton  Insects,  1879  (pp.  72,  73). 
Dr.  Ure  (1836)  also  states  that  the  CheniUe  is  the  most  destructive 
enemy  to  the  cotton  crop  in  British  Guiana. 

Id  Dutch  Ouiana  the  Cotton  Worm  has  always  been  destructive,  and 
Mr.  F.  W.  Cragin,  United  States  Consul  at  Paramaribo,  writing  to  the 
Department  of  Agriculture,  in  1856,  identifies  the  destructive  insect 
▼ith  Noetua  xyUna  Say. 

In  Brazil,  A.  xylina  has  been  found  at  various  points.  Our  most  trust- 
worthy information  is  contained  in  the  report  of  Mr.  John  C.  Branner 
(Appendix  V).  Messrs.  Branner  and  Koebele,  as  shown  in  this  re- 
port, reared  this  species  from  the  larva  at  Bahia  and  at  Bonito  (Prov- 
ince of  Pemambnco).  In  the  British  Museum  list  previously  cited,  A. 
gra/ndipuneta  is  given  from  Santarem  (Province  of  Para).  The  follow- 
ing concerning  the  Cotton  Worms  at  Bahia  is  from  the  American  EnUh 
mlogistj  Vol.  Ill,  pp.  128,  129  (May,  1880). 

OOrrOH  CULTUBB  AND  THE  INSECTS  AFFBCTINO  THB  PLANT  AT  BAHIA.  BRAZIL. 

Cotton  is  not  grown  at  present  to  any  oonsiderable  extent  in  this  province,  and  has 
OMsed  to  be  an  article  of  exportation.  The  cultivation  is  simple  in  the  extreme,  re- 
quiring little  care  or  attention,  bat  owing  to  the  distance  from  this  part  of  the  ootton- 
prodacing  districts,  the  cultivation  has  long  since  ce  ased  to  be  remunerative. 

The  insect  enemies  of  the  cotton-plant  which  particularly  attack  it,  consist  of  two 
species  of  moths,  which  in  the  form  of  worms  or  caterpillars  prey  upon  its  leaves  and 
stalk  as  also  the  cotton  pod  itself.  It  is  also  attacked  by  a  peculiar  species  of  bug,  a 
specimen  of  which  is  forwarded,  and  by  the  grasshoppers,  which  commit  great  ravages 
on  the  foliage  and  the  tender  stalks. 

The  ''  Cotton  Worm  "  as  described  by  Professor  Riley  is  somewhat  different  from  the 
▼orm  found  in  this  province,  differing  in  color  and  other  respects,  but  it  is  no  doubt 
of  very  similar  character. 

The  ravage  committed  by  them  is  greater  in  the  dry  or  summer  months,  say  Sep- 
tember, October,  November,  and  December. 

This  Cotton  Worm  Is  believed  to  have  been  always  in  the  country,  and  not  imported. 

Cotton  has  been  grown  in  this  part  of  Brazil  for  as  long  a  time  as  any  other  produc- 
tion, and  it  is  also  found  growing  wild. 


*Br»wster'a  Bdinburgh  BncydopediA:  Artide  Cotton. 
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The  preyailing  direction  of  the  wind  daring  the  months  of  March,  April,  June,  and 
Jnly  ia  eaeteily,  varying  from  N.  £.  to  S.  £. — ^Richard  A.  Eden,  U.  S.  Consul,  Bahia, 
Brazil. 

Une  of  the  caterpillars  referred  to  by  Mr.  Edes  is  the  larva  of  a  species 
very  near  and  perhaps  identical  with  Aletia  argilliicea  HUbn.,  as  proven 
both  by  specimens  received  from  him  and  others  collected  and  bred  by 
Messrs.  Branner  and  Koebele,  while  the  other  is  andoubtedly  AUHcl 
wylina. 

From  Pemambaco  we  have  had  the  following  excellent  account : 

UiraTiED  States  Consulate, 

PenuLfmhuoOj  Mcarck  80, 1880. 

•  •  •  r^Q  fo^  most  fiital  to  the  cotton  plant  are  the  different  kinds  of  cater- 
pinars,  which  in  some  years  increase  to  a  frightfal  extent,  destroying  entirely  the 
crop  and  the  pastnrage;  the  ahsence  of  rain,  and  "the  blight.''    •    •    • 

The  Cotton  Worm  or  caterpillar,  AnomxB  xylina,  particalarly  described  in  yonr  letter, 
attacks  the  plant  in  these  provinces.  It  appears  simnltaneoasly  with  the  other 
varieties  at  the  beginning  of  the  rainy  season,  and  never  alone.  It  conies  and  disap- 
pears with  the  rain. 

So  far  as  can  be  ascertained  from  observation,  the  Anomis  xylina  is  believed  to  be 
a  native  of  the  country.  During  some  entire  years  it  is  extremely  rare  to  see  a  cater- 
pillar, whether  there  be  sun  or  rain,  wet  or  dry  weather.  Some  varieties,  however, 
seem  consequent  upon  the  action  of  the  sun,  and  others  upon  the  action  of  the  raiUi 
appearing  and  disappearing  as  if  by  enchantment. — ^Andrew  Cone,  U.  8.  Consul. 

In  the  more  southern  provinces  of  Brazil  there  is  also  a  destructive 
Gotten  Worm,  but  its  identity  with  Aletia  has  not  been  established. 
The  following  paragraph  from  the  report  which  Prof.  J.  E.  Willet  made 
to  us  in  1878  refers  to  the  work  of  this  worm: 

Dr.  £.  L.  Hclntyre,  of  Thomasville,  6a.,  writes:  "  I  settled  in  the  province  of  Sao 
Paulo,  Brazil,  in  the  year  1866,  and  remaioed  there  eight  years  and  a  half.  The  cul- 
tivation of  cotton  was  of  recent  date  thou,  and  they  were  planting  their  fourth  crop 
when  I  arrived.  Prior  to  the  year  1863  there  had  been  some  cotton  planted  in  the 
country,  perhaps  of  an  indigenous  variety,  but  no  one  had  ever  observed  a  Cotton 
Worm,  and  I  believe  they  had  never  existe<l  there.  In  1862  the  price  of  cotton  offer- 
ing great  inducements  to  Brazilian  farmers,  they  sought  to  procure  seeds,  but  none 
eould  be  had,  and  I  am  informed  the  seed  then  btiing  used  was  brought  from  New 
Orleans.  The  first  year  no  cateri)illars  were  seen,  but  after  the  second  they  com- 
menced to  eat  the  leaves,  and  had  lDcrease<l  to  such  an  extent  that  when  I  moved 
from  there  the  cultivation  of  cotton  was  nearly  abandoned." 


CHAPTER   V. 


ON  THE  ANATOMY  OF  ALETIA. 
Bt  Charles  Sedgwick  Minot  Aia>  Edward  Burgess. 

[Plates  VI-XI.] 

The  following  chapter  was  prepared  at  the  request  of  Professor  Riley, 
to  whose  kindness  we  are  indebted  for  the  material  upon  which  our 
observations  have  been  made.  Several  untoward  circumstances  have 
oootributed  to  interfere  with  the  progress  of  the  investigation.  The 
work  was  begun  by  Dr.  Minot,  who  was  subsequently  joined  by  Mr. 
Burgess,  in  the  hope  that  our  joint  labors  would  prove  more  efficient. 
Nevertheless  we  find  it  necessary  to  leave  various  points  undecided. 
This  incompleteness  is  partly  due  to  the  unavoidable  imperfection  of 
preserved  specimens,*  and  partly  to  the  scanty  light  yet  thrown  on  insect 
anatomy  and  physiology. 

ANATOMY  OF  THE  LABVA. 

The  external  anatomy  of  the  larva  need  not  be  again  described  in 
this  chapter.    There  are  only  a  few  points  to  be  noted  in  regard  to  the 
legs,  the  previous  descriptions  of  which  are  somewhat  incomplete.    The 
true  legs,  Plate  TI,  Fig.  4,  are  conical,  three-jointed,  and  provided  with 
a  terminal  hook,  Fig.  0,  which  is  curved  toward  the  median  line  of  the 
body,  and  has  at  its  base  a  thick  swelling,  usually  described  as  a  fleshy 
pad;  the  adjective  fleshy  is  hardly  appropriate,  as  the  pad  is  covered 
by  a  well-developed,  hard  crust.    There  are  two  hairs  on  the  first  joint, 
the  lower  being  much  the  slenderer.    There  are  four  hairs  on  the  lower 
part  of  the  second  joint,  two  on  the  inner  edge  rather  stout  and  curv- 
ing, and  one  fine  one  just  below  them,  and  a  long  one  in  front.    On  the 
last  joint  again  are  four  hairs,  all  near  the  terminal  claw,  namely,  a 
small  one  in  front,  a  thick,  curving  one  on  the  side,  another  thick,  curv- 
ing one  just  above  the  pad  of  the  claw,  and  immediately  above  this  the 
fourth  hair,  which  is  shaped  something  like  an  Indian  club,  and  is  ap- 
parently somewhat  flattened.    The  constancy  of  form  and  disposition 
of  these  hairs  lead  us  to  think  that  their  arrangement  must  be  of  some 
importance,  therefore  we  have  given  this  detailed  description. 

*Some  matorial  praaerred  In  a  5  per  cent  Bolntiom  of  chloral-hydrate  wu  found  very  naeftiL    With 

ttt  preMrvailTe^  speeimene  sboold  be  opened  in  seyeral  plaoee  to  allow  the  ilnld  to  penetrate  Into  the 

iatarkr.  Indefid  this  ahonld  be  done  with  alcohoIioipedmeBS  also. 
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The  false  feet  or  prolegs,  Plate  VI,  Fig.  2,  of  which  there  are  five 
the  first  pair  conBiderably  smaller  than  any  of  the  others,  as  is  wi 
known,  difier  entirely  from  the  true,  anterior  or  permanent  legs.    Th^^j^ 
are  thicker,  cylindrical,  and  one-jointed ;  they  have  a  few  long  hairs,  srm^d 
are  armed  with  a  row  of  a  dozen  and  a  half  carved  hooks.    The  hoc^lcs 
turn  towards  the  median  line  of  the  body ;  they  diminish  in  size  from  the 
center  of  the  row  towards  each  end.    Each  hook  consists  of  a  more 
cylindrical,  large  basal  portion,  which  appears  to  be  chiefly  imbedded 
in  the  flesh  of  the  foot,  and  a  recnrved  hook  proper,  Plate  I,  Fig.  3, 
which  has  a  very  thick  cuticula.    There  is  also  a  pigmented  pad,  which 
lies  over  the  base  of  each  hook  on  the  inside  of  the  foot.    We  coold  find 
no  certain  evidence  of  a  second  row  of  hooks  sach  as  have  been  de- 
scribed in  many  caterpillars,  though  possibly  there  are  very  small  claws 
on  the  pigmented  pads  above  described. 

The  markings,  colored  stripes  and  dots,  that  decorate  the  larva,  are 
produced  by  various  means,  partly  by  deposits  in  the  matrix  of  the 
crust  (epidermal  cells),  partly  by  colors  of  the  crust  itself.  The  dark- 
brown  color  belongs  to  the  crust,  and  is  peculiarly  distributed  in  a  man- 
ner  that  has  not,  so  far  as  we  are  aware,  been  described  hitherto.  Upon 
the  outside  of  the  crust  is  a  very  thin  but  distinct  layer,  which  in  cer- 
tain parts  rises  up  into  a  great  number  of  minute,  pointed  spines  that 
look  like  so  many  dots  in  a  surface  view,  Plate  VI,  Fig.  8.  Each  spine  is 
pigmented  diffusely,  and  together  they  produce  the  brown  markings. 
The  spines  are  clustered  in  little  groups,  one  group  over  each  underly- 
ing matrix,  or  epidermal  celL 

The  stigmata  of  the  larvae  are  small  vertical  fissures  on  the  sides  of 
the  segments.  The  first,  fourth,  and  subsequent  segments  have  each  a 
pair,  making  nine  in  all;  there  are  none  on  the  second  and  third  rings. 
Viewed  from  the  surface  they  are  seen  to  be  provided  with  an  anterior 
lip,  which  is  simple,  and  a  posterior  lip,  which  bears  a  projecting  lever. 
Both  these  lie  quite  deep  down  and  serve  to  close  the  trachea.  Above 
each  lip  are  several  rows  of  hairs  that  are  short,  branching,  and  spine- 
like. The  stigmata  form  the  subject  of  a  recent  excellent  memoir  by 
Oskar  E[rancher,*  a  pupil  of  Rudolph  Leuckart,  the  distinguished  pro- 
fessor of  zoology  at  Leipzig.  On  pages  543-546  of  this  essay  the  sti;?- 
mata  of  caterpillars  are  fully  described.  According  to  Krancher,  the 
lever  bearing,  or  posterior,  lip  is  more  developed  than  the  anterior. 
(The  former  was  named  by  Landois  the  Verschlussbugely  the  latter  the 
VerschltLssband  ;  but  these  names  are  not  specially  appropriate,  and  we 
prefer  to  use  anterior  and  posterior  lip  instead.)  The  lever  arises  from 
the  upper  end  of  the  posterior  lip.  In  most  of  the  diurnal  lepidoptera 
it  is  a  simple  chitinous  rod,  but  in  some  of  the  Bombycidse  it  is  more 
complicated.  Attached  to  the  lever  is  a  double  muscle;  one  part,  run- 
ning  to  the  lower  end  of  the  lever-bearing  lip,  serves  to  approximate 

*  Oskar  Kranoher.  Der  Baa  der  Stigmenbei  den  InaekteiL  Zeitschr.  f.  wfaa.  Zoologle,  XXXV,  IMl, 
pp.  60&-675,  Tafl  XXVIH-XXIX. 
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the  two  lips,  and  so  close  the  opening  between  them  ^  the  other  ])art  is 
attached  to  the  neighboring  epidermis,  and  serves  to  open  the  lips. 
Only  this  latter  division  of  the  mnscle,  which  is  considerably  the  larger, 
was  described  by  Landois.* 

The  internal  anatomy  of  the  larva  agrees  closely  with  the  lepidopte- 
rous  type,  as  established  by  previous  observers,  *  In  the  head,  Plate  VII, 
Fig.  1,  the  digestive  canal  begins  with  the  large  month  iti,  lined  by  a 
dark,  firm  cuticula  and  passing  over  into  the  narrow  muscular  OBSopha- 
gas,  Oe.     Behind  the  mouth  is  a  projecting  pointed  process  at  the  tip 
of  which  opens  the  salivary  duct.     Above  and  in  front  of  the  mouth 
there  is  a  distinct  mass  of  tissue,  of  a  fibrous,  areolar  character,  spread- 
ing out  fiinUke  from  the  npper  wall  of  the  OBsophagns  and  attached 
in  front  to  the  lower  part  of  the  clypeus  and  to  an  endocranial  pro- 
cess.   In  this  mass  of  tissne  lies  the  small  frontal  ganglion.    Above  the 
OBSophagas  is  the  brain,  br;  below  it  the  snboesophageal  ganglion  S^ 
connected  by  a  short  commissure  with  the  first  ganglion  of  the  ventral 
chain. 

The  rest  of  the  internal  anatomy  is  illustrated  by  Fig.  1,  Plate  YI.  In 
the  first  (thoracic)  segment  the  OBsophagns  expands  into  the  enormous 
stomach  St.,  which  runs  through  eight  segments,  and  is  by  far  the  larg- 
est and  most  conspicuous  organ  of  the  body.  From  in  front  backwards 
it  gradually  widens,  but  posteriorly  it  is  rounded  off.  Into  the  hinder 
end  open  the  malpighian  or  urinary  vessels  m.  t?.,  six  in  number,  three 
on  each  side  uniting  together  and  opening  by  a  short  duct.  The  sali- 
vary glands  lie  upon  each  side  of  the  stomach,  having  long  ducts 
which  reach  through  the  anterior  three  segments  of  the  body.  The 
gland  proper,  SaL,  is  an  elongated  tube,  gradually  diminishing  in  diam- 
eter towards  its  posterior  end  or  tip;  its  course  is  curious;  it  runs  some 
distance  straight  backwards,  then  makes  a  sharp  angle  over  the  second 
proleg  and  runs  forwards  and  upwards,  then  another  sharp  crook  over 
the  first  proleg  and  it  continues  backwards  again  and  slightly  npwards. 
Behind  the  stomach  the  intestinal  canal  consists  of  four  parts:  first  a 
short,  constricted  connecting;  piece ;  second  a  dilated,  oval  division.  In.; 
tiiird  the  short  rectnm  E.;  fonrth  the  short  anal  tube.  The  dorsal  ves- 
sel or  heart,  d.  v,y  is  a  long  tube  placed  above  the  digestive  canal,  and 
extending  through  nearly  the  entire  length  of  the  body.  The  ventral 
chain  of  ganglia  numbers  eleven  distinct  knots,  the  last  being  however 
evidently  double.  The  first  ventral  ganglion  is  the  suboBsopliageal; 
the  second  lies  so  near  it  as  to  be  almost  united  with  it.  The  others  lie 
at  regnlar  intervals,  until  the  tenth,  which  is  pushed  a  little  forward  of 
its  original  position  over  the  fourth  proleg.*  The  eleventh  double  gan- 
glion lies  close  to  the  tenth  and  gives  off  a  large  number  of  nerves, 
most  of  which  run  backwards. 
The  large  stomach  alone  represents  the  entodermic  canal,  and  presents 

*Laiidoi8.    Zeit.  wise.  Zoologle,  1867. 
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the  same  essential  pecaliarities  of  minate  stmotare  as  were  described 
by  Minot*  in  the  orthoptera.  The  lining  epithelium  is  thrown  np  inta 
folds  so  as  to  form  imperfectly  differentiated  glandolar  follicles.  If  the 
epithelium  be  brushed  off,  the  characteristic  arrangement  of  the  mus- 
cular fibers  can  be  seen,  Plate  YI,  Fig.  7.  There  is  an  internal  coat,  com- 
posed of  a  great  number  of  pale  fibers  running  transversely  aronud 
the  stomach  and  more  or  less  parallel  to  one  another.  Outside  are  the 
longitudinal  striped  muscles,  which  are  distributed  in  single  bundles, 
2  Ij  and  do  not  form  a  continuous  layer.  Each  bundle  is  composed  of 
a  number  of  fibers  and  pursues  its  own  course ;  the  bundles  are  not 
I)arallel,  but  sometimes  two  bundles  unite,  or  are  connected  by  a  third; 
their  general  trend  is  longitudinal.  Finally  it  must  be  mentioned 
that  numerous  tracheal  branches  jienetrate  the  muscular  layers,  and 
ramify  through  both  them  and  the  connective  tissue. 

EXTERNAL  ANATOMY  OF  THE  IMAGO. 

To  prepare  the  external  skeleton  for  examination  the  following  method 
is  satisfactory  and  convenient.  The  whole  insect,  either  in  the  fresh 
state  or  after  preservation  in  alcohol,  is  placed  in  a  test  tube  with  a  solu- 
tion of  caustic  potash  and  carefully  boiled  over  a  flame  for  a  couple  of 
minutes.  The  specimen  is  then  thoroughly  washed  with  water,  to  which 
a  little  acetic  acid  or  vinegar  is  added  to  neutralize  the  alkali.  The 
specimen  while  in  this  state  may  be  brushed  with  a  camel's-hair  pencil, 
and  most  of  the  scales  removed.  It  is  best  to  put  it  next,  for  twenty- 
four  hours,  in  strong  alcohol  and  to  then  complete  the  brushing  upon 
the  hardened  object.  With  a  little  care  and  patience  all  the  hairs  and 
scales  can  be  removed  without  injuring  the  crust. 

A  view  of  the  exoskeleton  of  the  female  is  given  on  Plate  YIII,  Fig.  L 
We  shall  follow  Mr.  Burgess'  memoir  upon  the  Milkweed  Butterfly,!  as 
to  the  homologies  and  nomenclature  of  the  parts.  The  head  is  more 
triangular  in  outline,  when  seen  from  the  side,  than  iaDanais,  and  the 
eyes,£,  are  relatively  smaller.  The  palpi  and  maxill»  are  very  similar 
to  those  of  the  butterfly.  The  antenna),  a,  are  thicker  and  the  enlarge- 
ment of  the  two  basal  joints  is  quite  marked.  The  thorax  is  large  and 
compact.  The  first  segment  (I)  is  small,  the  second  (II)  by  far  the 
largest  of  the  three.  The  prcrthorax  is  connected  with  the  head  by  a 
narrow  neck,  which  is  perhaps  really  the  anterior  portion  of  the  first 
thoracic  segment.  This  point  is  better  shown  in  a  view  of  the  underside, 
Plate  IX,  Fig.  1.  The  front  legs  are  there  removed ;  the  insertion  of 
C0X8B  into  the  thorax  is  shown  at  V  ^  just  in  front  of  this  insertion  is  a 
thickened  ring  of  hard  crust ;  farther  forwards  the  integument  is  mem- 
branous, and  the  prothorax  proper  becomes  directly  continuous  with 

*  Minot,  C.  S.  Histology  of  the  loonat  ( Caloptsmu)  i  and  the  cricket  (Anabrui) :  Chapter  X,  in  Second 
Beport  of  the  United  States  Entomological  CommiBsion.    1880.    Pp.  18^-224.    Plate*  n-Vm. 

tBnrgeais  Edward.  Contrlhntiona  to  the  Anatomy  of  the  Milkweed  Bntterfly  (Danait  mnkipput, 
Tabr.).    Anni9,  Mem,  Bogton  8oc  Nat.  Hitt.  1881. 
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the  neck.  So,  too,  a  median  section  shows  that  the  neck  and  prothorax 
are  really  one,  Plate  VIII,  Fig.  2.  Two  pendulous  lobes  8\  Fig.  1,  Plate 
VIII,  project  from  the  upper  side  of  the  prothorax,  which  appear  to 
belong  to  the  scutum,  but  their  real  homologies  are  not  yet  determined 
wiiJi  certainty.  They  are  constricted  around  their  bases,  so  as  to  be 
quite  movable.  Upon  the  sides,  just  behind  and  below  them,  lies  the 
first  spiracle,  sp\  Below  the  spiracle  are  two  pieces  of  elongated  shape, 
nmning  down  to  the  insertion  of  the  coxsb  ;  the  anterior  piece,  ep8[^  is 
the  epistemum,  and  meets  its  fellow  on  the  ventral  side,  forming  a  me- 
dian sature  between  the  two  coxal  articulations,  Plate  IX,  Fig.  1 ;  the 
posterior  is  the  homologue  of  the  epimeron  of  the  segments. 

The  mesothorax,  Plate  VIII,  Fig.  1,  n,  is  the  largest  segment  of  the 
Ixxiy.    It  is  longest  on  the  upper  side.    The  principal  dorsal  piece  is 
tiie  big  scutum,  t^j  below  the  lateral  edge  of  which  springs  the  front 
wing,  tr^.    Over  the  base  of  the  wing  runs  back  the  large  patagium,^^, 
which  is  very  much  developed ;  its  only  connection  with  the  body  is  in 
front,  where  it  bends  over  and,  as  it  were,  hooks  around  the  front  edge 
of  the  wing.    The  scutellum,  «m',  is  also  prominent  and  extends  for  some 
distance  over  the  metathorax.     The  epistemum,  ep^^,  is  an  oblong 
piece  which  runs  backward,  beginning  just  underneath  the  front  end  of 
thepatagium,  and  Is  joined  behind  to  the  epimeron,  epm\    It  is  united 
below  with  a  double  piece,  «f,  which  extends  downwards  and  back- 
wards to  the  coxse,  ca?.    This  piece  was  determined  by  Dr.  Packard, 
in  AUacu8j  as  the  sternum,  and  his  nomenclature  was  followed  by  Bur- 
gess in  his  article  on  Danais.    From  our  study  of  the  Cotton  Moth,  it 
Beems  doubtful  whether  this  interpretation  oan  be  sustained.    The  piece 
is  doable  on  each  side,  as  can  be  esi)ecially  well  seen  in  a  ventral  view, 
Plate  IX,  Fig.  1.    The  same  aspect  also  shows  that  the  two  pieces  do 
not  meet  in  the  median  line,  but  are  separated  by  a  clear  triangular 
space,  behind  which  lies  a  pair  (a,  a)  of  pieces  which  separate  the  coxse 
and  meet  one  another  in  the  median  ventral  line.    These  are  perhaps  the 
real  sternal  pieces.    In  any  case  it  is  evident  that  further  and  extended 
stndy  is  necessary  to  elucidate  the  real  morphology  of  these  numerous 
components  of  the  thoracic  skeleton.    The  epimeron,  ^m^  (Plate  VIII, 
Fig.  1),  is  quite  large  and  complicated.    It  consists  of  a  hard  Y-shaped 
piece,  between  the  two  legs  of  which  is  a  large,  triangular  membrauous 
area.    The  anterior  leg  of  the  V  is  much  the  broader,  and  joins  above 
to  the  epistemum,  and  in  front  to  the  part  marked  st,  which  Packard 
has  held  for  the  sternum.    The  membranous  portion  between  the  legs 
presents  an  inconspicuous  structure,  which  is  perhaps  a  spiracle,  although 
this  could  not  be  certainly  established.    The  coxal  joint,  cr*,  tapers 
rapidly ;  examined  from  the  outer  surface  it  appears  to  consist  of  two 
pieces ;  the  anterior  piece  has  been  called  the  coxay  the  posterior  the 
trochantine  by  some  authors. 

The  metathorax  (III)  is  particularly  puzzling  on  account  of  its  very 
complex  structure,  due  at  least  in  part  to  the  development  of  numerous 
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air-chambers  in  the  interior,  accompanied  by  manifold  ingrowths  of  the 
oater  crust  to  serve  as  partitions  between  the  adjacent  air-chambers. 
As  the  ingrowths  are  connected  with  divisions  of  the  exoskeleton,  this 
last  becomes  very  complicated,  especially  in  the  posterior  lateral  region 
below  the  wing  and  above  the  leg.    The  scutum,  «^,  is  well  marked; 
immediately  below  it  arises  the  hind  wing,  w\    The  piece  which  Bur- 
gess determined  as  the  scutellum  in  Danais  we  have  not  found  In  Ale- 
.  tia ;  but  what  in  the  butterfly  appears  merely  as  the  tip  of  the  scutum  is 
distinctly  differentiated  in  the  moth  and  is  very  probably  the  true  scutel- 
lum ;  in  this  case  the  part  so  named  in  Danais  would  have  to  be  con- 
sidered as  thQ  post-scutellum.    On  the  front  edge  of  the  segment,  be- 
tween the  front  edge  of  the  wing  and  the  coxal  joint,  is  a  single  piece, 
eps^j  which  seems  to  correspond  to  the  two  pieces,  ept^  and  st^j  of  the 
mesothorax,  fused  into  one.    In  the  posterior  part,  epm^^  there  are  a 
variety  of  structures,  of  which  the  most  important  are  two,  marked  A 
and  J^.    The  former  is  a  little  quadrangular  flap,  which  hangs  down 
from  just  below  the  posterior  edge  of  the  hind  wings.    The  latter.  By 
is  a  deep-lying,  oval,  pellucid  membrane,  which  we  think  is  probably 
homologous  with  the  tympanal  membrane  of  grasshoppers.    The  rela- 
tion of  these  parts  is  better  shown  in  the  enlarged  figure,  Plate  XI, 
Fig.  3,  in  which  the  oval  membrane,  J^,  and  the  flap,  A,  are  both  very  dis- 
tinctly drawn.    We  have  not  succeeded  in  observing  any  spiracle  on 
this  segment.    The  boundary  between  the  metathorax  and  the  abdomen 
is  not  clearly  marked  externally.    The  coxaljoint,  02^,  is  similar  to  that 
of  the  second  leg. 

A.  H.  S  win  ton  has  published  a  paper  on«the  organ  of  hearing  in  lep- 
idoptera,*  in  which  h6  refers  to  the  oval  disk,  which  we  have  interpreted 
as  a  tympanum.  According  to  Swinton,  a  nerve  passes  from  the  third 
thoracic  ganglion  obliquely  across  and  round  the  elevator  muscle  ol 
the  hind  wing  to  the  supposed  tympanum,  where  it  is  connected  with  a 
structure  (Swinton's  "  membranous  vesicle'^)  which  is  apparently  iden- 
tical with  the  structure  in  like  position  in  the  grasshoppers,  which  latter 
was  likewise  originally  described  as  a  vesicle,  but  is  now  known  to 
be  really  a  cluster  of  rod-bearing,  terminal  organs,  such  as  are  now 
known  to  be  the  essential  constituents  of  tympanal  organs.  For  a  gen- 
eral account  of  these  apparatus  see  the  r^sum6  by  G.  S.  Minot.t  It  is 
probable  that  the  part  we  have  described  in  moths  is  a  real  tympanum, 
and  entirely  homologous  with  that  of  Acridians,  but  the  matter  must 
remain  uncertain  until  the  terminal  rods  have  been  actually  found. 

The  abdomen  consists  of  nine  segments,  numbered  1-9,  the  last  two 
not  showing  in  the  figure,  being  retracted  into  the  seventh  segment. 
The  first  is  smaller  than  the  second  and  succeeding  segments,  and, 
therefore,  appears  as  a  sort  of  thick  stalk  uniting  the  abdomen  with 

*  Swlntoo,  ▲.  H.    On  an  Organ  of  Hearing  in  Insects,  with  speoial  reference  to  the  Lepidoptera.   Bn- 
tomologist's  Monthly  Mag.,  XIV  (1877),  121-126. 
fMinot,  C.  8.    Comparative  Morphology  of  the  Ear.    Fourth  Article.   American  Jonm.  Otology,  IV 
(JS62J,  89-268. 
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the  thorax.  Each  of  the  segments  consists  of  a  dorsal,  two  lateral  (one 
on  each  side)  and  a  ventral  piece.  The  side  piece  or  membrane  of  the 
first  seven  segments  bears  a  spiracle.  The  first  segment,  in  its  trans- 
verse diameter,  is  nearly  as  broad  as  the  thorax,  but  its  dorso- ventral 
diameter  is  barely  half  as  great.  In  front  it  bends  over  and  inwards, 
especially  at  the  sides,  so  that  here  (see  Plate  XI,  Fig.  3)  the  crust,  where 
it  joins  the  thorax,  faces  towards  the  head.  It  is  here  that  the  spiracle 
(«p)  is  placed,  so  that  in  a  side  view  of  the  abdomen  we  see  the  edges 
of  the  spiracle,  and  not  its  opening,  as  in  the  other  segments;  the  spir- 
acle looks  forwards. 

The  structure  of  the  spiracles  is  interesting.  They  are  all  essentially 
alike.  Plate  XI,  Fig.  1,  represents  that  of  the  second  abdominal  seg- 
ment The  spiracle  is  a  vertical  fissure  with  two  lips,  of  which  the  an- 
terior is  connected  with  a  long  tendon,  to  which  are  attached  the  mus- 
cles which  move  the  lips.  Outside  the  lips  is  a  row  of  stiff  hairs,  or 
spines,  which,  standing  out  from  the  borders  of  the  fissure,  reach  to- 
wards its  center,  so  that  those  of  the  opposite  sides  nearly  meet  in  the 
middle.  Fig.  2  of  the  same  plate  gives  a  more  magnified  representa- 
tion of  a  single  spine.  It  rises  from  a  pore-canal  (or  tube  running 
through  the  cuticula),  makes  a  bend  at  the  start,  and  then  runs  out 
nearly  straight,  a  thick  stem,  from  the  outer  half  of  which  arise  a  num- 
ber of  oblique  prickles  or  thorns  irregularly  placed.  The  shaft  consists 
of  a  hard  sheath  and  a  core  or  pulp.  The  hairs  on  the  front  edge  are 
a  little  shorter  than  those  on  the  posterior.  At  the  top  and  bottom  of 
the  fis8are  the  hairs  become  very  small.  The  purpose  of  these  spines 
is  undoubtedly  protective;  they  serve  to  prevent  the  entrance  of  foreign 
bodies,  like  the  similar  structures  in  the  spiracles  of  the  caterpillar.  In 
the  adoit  there  is  a  single  row  of  long  spines ;  in  the  larva  several  rows 
of  short  spines. 

The  legs  offer  little  requiring  special  description.     The  tarsal  joints 

are  five  on  each  leg.    After  removal  of  the  scales  they  are  seen  to  be 

armed  with  a  double  row  of  spines  on  their  inner  margin  (PI.  IX,  Fig. 

2)j  except  the  last  joint,  which  has  only  hairs.    The  spines  are  shortest 

on  the  upper  part  of  each  joint  and  increase  towards  the  distal  end,  the 

lowest  spine  being  the  longest.    The  end  of  the  last  joint  bears  in  front 

two  long,  curving  hairs,  and  behind  the  two  recurved  hooks,  between 

which  is  placed  the  soft  hairy  pad,  or  pul villus,  p.   The  other  joints  are 

distinguished  by  their  gradual  diminution  in  length,  the  first  or  upper 

being  the  longest  and  having  also  the  largest  number  of  spines,  as  well 

as  the  greatest  intervals  between  the  adjacent  spines.    The  scales  on 

the  legs  are  peculiarly  grouped,  being  inserted  in  little  clusters  of  some 

10  to  15.    Each  cluster  is  very  compact  and  elongated,  in  the  sense  of 

the  long  axis  of  the  limb. 

The  scales  are  flattened  hairs,  divided  into  a  blade  of  variable  shape 
and  a  short  pedicel,  by  which  they  are  attached  to  the  skin.  The  blade 
consists  of  a  central  portion,  homologous  with  the  core  of  \iavT%,  ^ixxdi 
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a  caticolar  membrane,  consisting,  of  course,  of  an  upper  and  lower  lam- 
ina, united  at  their  edges  and  continued  on  the  pedicel.  Burmeis- 
ter  gives  it  as  bis  opinion  that  the  scale  is  empty  bet\<reen  the  two 
laminsB ;  but  we  cannot  accept  his  view,  because  in  those  scales  we 
have  examined  there  is  always  an  internal  pulp,  which  often  contains 
coloring  matters.  The  scales  have  longitudinal  striaa,  which  are  pro- 
duced by  folds  of  the  outer  surface  or  lamina,  as  is  at  once  shown  by  a 
cross-section  of  a  scale  (Plate  IX,  Fig.  lA).  The  upper  surface  is  more 
nearly  flat.  The  lower  surface  is  recurved  on  each  side.  The  scales  are 
thickest  in  the  middle  line  and  thin  out  towards  the  edges.  All  these  fea- 
tures were  likewise  observed  by  Burgess  in  Danais,  and  it  is  probable  that 
they  are  common  to  the  majority  of  the  lepidopterous  scales.  There  has 
been  much  dispute  concerning  the  nature  of  the  strise  on  the  scales,  and 
Burgess  was  the  first  to  describe  their  real  character.  Certainly  Bur meis- 
ter  is  in  error  when  he  says :  ^'11  n'estpas  douteux  que  Ics  stries  bien  visi- 
bles  des^cailles  soientdes  filets  61ev6s  au  c6t6  interne  de  la  lame  supdri- 
cure,  se  pronongantau  c6t6  externeseulement  comme  stries  flnement  im- 
primdes."*  In  many  species,  especially  of  butterflies,  there  are  trans- 
verse stride,  which  are  said  by  Burmeister  to  be  confined  to  the  inferior 
lamina.  In  conjunction  with  the  longitudinal  strisB,  they  divide  the 
scales  into  little  squares.  There  is  great  variety  in  the  form  of  the 
scales,  but  the  study  of  these  variations  has  hitherto  borne  little  fruit 
B.  Schneider  has  published  a  memoir  t  on  the  form  and  distribution  of 
the  scales  over  the  body  in  Lepidoptera,  treating  the  subject  with  con- 
siderable detail.  More  interesting  is  Burmeister's  essay,  which  con- 
tains the  best  general  account  with  which  we  are  acquainted. 

The  scales  are  inserted  into  peculiarly-shaped  oblique  pore-canals 
(Plate  XI,  Fig.  6).  They  begin  on  the  outer  surface  with  a  wide  open 
funnel  that  leads  into  a  bulb  or  sphej:*ical  dilatation  of  the  pore.  From 
the  deep-lying  surface  of  the  bulb  runs  inward  a  fine  tube.  Appar- 
ently the  stalk  of  the  scale  fits  into  the  outer  funnel,  and  is  attached  to 
the  bulb. 

The  distribution  of  the  scale  pores  is  characteristic;  they  lie  in  little 
groups,  which  tend  to  spread  out  in  lines  having  the  same  general  trend, 
but  never  strictly  parallel  with  one  another  (Plate  XI,  Fig.  4).  On  the 
legs,  as  already  mentioned,  there  is  a  similar  grouping,  though  not 
identical  with  that  shown  in  Fig.  4.  On  certain  parts,  as,  for  example, 
the  patagia  and  the  membranous  portions  of  the  thoracic  crust«  the 
pores  are  scattered  more  evenly,  each  by  itself. 

The  best  account  of  the  structure  of  the  maxillae,  or  proboscis,  of  but- 
terflies is  that  given  by  Burgess,  and  an  examination  of  this  organ  in 
Aletia  reveals  the  same  essential  structure  a«  in  the  butterfly,  so  that 
we  may  dispense  with  a  detailed  account.    Plate  XI,  Fig.  6,  represents 

*  H.  Burmoiater.    Description  pbysiqne  de  la  R6pnbUqae  Argentine.    Tome  cinqaiftme.    L^pido- 
pt^rae.    (Bxamen  ap^oial  des  Acailles,  pp.  21-28.)    Bu^nos-Ayres,  1678. 
fX.  Schneider.      Die  Scbuppen  an  den  verschiedenen  Flilgel*  nnd  KSrpertheilen  dec  Lepido- 
ptorea.    Zeiteolir.  t.  d,  gf>eunmt,  Nat.-Wi8S.  IH  11878) ,  pp.  \-J50,  Tat.  I-IH. 
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jast  the  tip,  to  show  its  peculiar  outline  and  the  spine-like  stractures, 
whicb  probably  have  a  sensory  function.  They  are  present  in  all  Lepi- 
doptera,  but  under  a  great  variety  of  forms ;  in  Danais  they  are  reduced 
to  small  warts,  but  in  many  other  genera  they  are  large  and  conspicu- 
ous; for  details  the  reader  may  consult  Darwin  and  Breitenbach.*  The 
spines  are  evidently  modified  hairs,  for  they  are  each  placed  over  a  wide 
pore-canal  of  the  cuticula,  and  are  themselves  pointed  chitinous  tubes, 
as  shown  in  the  figures  (Plate  XI,  Figs.  6  and  8).  The  spines  consist 
of  two  parts,  a  cylindrical  basal  joint  and  a  double  outer  portion,  com- 
posed of  two  tapering  horns  (Plate  XI,  Fig.  8).  In  some  of  the  larger 
spiues  one  of  these  horns  is  much  the  greater  of  the  two,  and  seems  to 
he  a  direct,  spur-like  continuation  of-  the  base,  while  the  shorter  fork  is 
articulated  to  the  proximal  joint.  In  the  smaller  spines  the  inequality 
of  the  two  forks  is  much  less  ^  the  long  fork  is  most  developed  on  the 
spines  of  the  dorsal  side  of  the  maxilla.  There  is  difficulty  in  making 
out  these  characteristics  in  all  the  spines,  as  they  often  lie  on  the  slide 
in  positions  unfavorable  to  microscopic  examination,  and  there  remain 
many  points  undecided.  The  largest  spines  are  found  a  little  way  from 
the  tip;  on  the  very  tip  of  the  trunk  they  are  a  little  smaller,  and  to- 
wards the  base  of  the  proboscis  they  gradually  grow  smaller  and  smaller, 
and  lie  further  apart ;  they  are  not  found  on  the  basal  half  of  the  organ. 
Upon  that  edge  of  the  maxilldB  which  is  dorsal  when  they  are  extended, 
are  hairs  such  as  are  represented  in  Plate  XI,  Fig.  7.  These  hairs  are 
for  the  most  part  inclined  away  from  the  tip-like  barbs.  Whether  they 
are  stiff,  so  that  they  serve  to  lacerate  the  flowers  attacked  by  the  moths, 
we  were  unable  to  determine ;  that  this  function  is  performed  by  the 
large  spines  is,  we  think,  improbable,  although  Professor  Gomstock  has 
suggested  this  view. 

INTEBNAIi  ANATOMY  OP  THB  IMAGK). 

The  digestive  canal  of  Aletia  closely  resembles  that  of  the  Milkweed 
Butterfly,  Danais  archippus,  as  described  by  Burgess.  We  shall  therefore 
follow  his  account. 

The  canal  traversing  the  proboscis  opens  into  a  large  muscular  pha- 
rynx, which  occupies  much  of  the  lower  part  of  the  head,  Plate  VII,  Fig. 
2.  The  pharynx  is  oval,  and  is  suspended  by  at  least  two  pairs  of  mus- 
cles, one  dorsal,  m\  and  one  frontal,  m\  At  the  anterior  border  of 
the  pharynx  is  a  triangular  muscular  flap,  the  epipharynx,  w',  overly- 
ing the  opening  of  the  proboscis,  and  serving  as  a  valve  to  close  the 
latter.  The  pharynx  shows  two  layers  of  muscles,  an  outer,  thicker  one 
of  longitudinal  fibers,  and  an  inner  of  transverse  fibers.  The  pharyngeal 
cavity  extends  obliquely  upwards  frohi  front  to  back,  and  is  much 
broader  than  high. 

"The  pharynx,  as  is  evident  from  its  structure,  serves  as  a  pumping 

*T.  Darwin,  Qnart  Journ.  Microai  ScL,  XV,  38S.   Bnitenbwoh,  Aroh. iUr mikto«.  AiAt.,  XST^^^wul 
XYI,l08w    JeD»,  ZeUscbr.  £  NBt-Wiaa, 
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organ  to  sack  the  liquid  food  of  the  aDimal  throagh  the  proboscis,  and 
force  it  backwards  into  the  digestive  canal,  the  process  being  as  fol- 
lows :  The  proboscis  is  anroUed,  and  inserted  into  the  nectary  of  a 
flower ;  at  this  moment  the  muscles  which  suspend  the  pharynx  con- 
tract, and  its  cavity  is  thus  extended,  creating  a  vacuum,  which  mast 
be  supplied  by  a  flow  of  honey  through  the  proboscis,  into  the 
pharynx.  When  the  latter  is  full  its  muscles  contract,  the  valve  closes 
the  aperture  to  the  proboscis,  and  the  honey  is  forced  ba<;kward  into 
the  oesophagus.  The  pharynx  is  then  again  opened,  and  the  same  pro- 
cess is  repeated.  To  prevent  the  food  being  sucked  back  from  the 
oesophagus,  it  is  probable  that  some  of  the  numerous  fibers  in  the 
muscular  sac  near  the  origin  of  the  former  can,  by  contraction,  close 
its  opening ;  but  in  any  case,  as  the  proboscis  presents  a  free  tube,  and  the 
cesophagus  leads  into  the  closed  alimentary  canal,  it  is  evident  that  the 
former  offers  the  easiest  route  for  a  supply  to  fill  the  vacuum  produced 
in  the  pharynx."    (Burgess.) 

The  organ  just  described  escaped  the  notice  of  entomotomists  until 
discovered  by  Burgess,  and  its  functions  were  conjecturally  ascribed  to 
other  parts.  "  The  so-called  *  sucking  stomach '  thus  received  its  name 
from  earlier  writers,  and  when  its  structure  was  better  known  and  such 
a  purpose  negatived,  the  capillarity  of  the  fine  tube  of  the  proboscis, 
and  even  a  peristaltic  action  of  the  latter,  have  been  suggested  to  ex- 
plain the  power  possessed  by  the  butterfly  to  suck  up  its  food.'' 

At  the  upper  extremity  of  the  pharynx  opens  the  narrow  oesophagus, 
06,  and  at  the  lower  edge  of  the  hypopharynx  the  common  duct  of  the 
salivary  glands,  aal^  discharges  into  the  expanded  base  of  the  probos- 
cidean canal.  These  glands  consist  of  two  long  convoluted  tubes,  ex- 
tending along  each  side  of  the  thoracic  central  nervous  system.  In 
the  general  figure,  Plate  VIII,  Fig.  2,  the  glands  have  been  removed, 
in  order  to  show  the  course  of  the  oesophagus  and  ganglionic  chain. 

The  oesophagus,  Plate  VIII,  Fig.  2,  oe,  is  a  slender  and  delicate  tube 
leading  from  the  pharynx  above,  and  after  piercing  the  nerve  commis- 
sure between  the  brain  and  the  succeeding  p;anglion,  passes  straight 
through  the  thorax  into  the  abdomen,  in  the  very  base  of  which  it 
separates  into  two  short  branches,  the  upper  leading  into  the  food  res- 
ervoir, the  other  the  true  stomach. 

The  food  reservoir,  /r,  (or  so-called  sucking  stomach),  is  a  large 
membranous  sac  filling  the  anterior  end  of  the  abdomen ;  its  walls  are 
a  very  delicate  cuticle,  which  is  interiorly  thrown  into  very  curious  laby- 
rinthine wrinkles ;  near  the  neck  is  a  region  armed  w  ith  singular  processes 
or  spines,  scale  like  in  shape,  each  scale  being  armed  with  some  six  or 
eight  very  sharp  teeth.  The  neck  has  an  investment  of  transverse,  an- 
nular muscular  fibers. 

In  alcoholic  specimens  the  food  reservoir  is  much  crumpled,  and  in 
all  specimens  opened  was  empty.  There  are  some  indications  that  the 
sac  is  not  a  simple  one,  but  has  secondary  lobes  or  partitions;  but  this 
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point  IS  still  ansolved.  Since  the  organ  is  not  for  sucking,  as  long  sap- 
posed,  and  is  evidently  not  digestive,  it  seems  likely,  or  at  least  pos- 
sible, that  it  serves  simply  as  a  reservoir.  It  is  first  developed  in  the 
pnpal  stage. 

In  a  lateral  view,  as  in  Fig.  2,  the  neck  of  the  reservoir  is  concealed 
by  the  anterior  end  of  the  stomach,  which  projects  into  two  short  lobes 
on  each  side  of  the  neck. 

The  stomach,  stj  is  very  much  smaller  than  in  the  larva,  for  it  barely 
extends  through  foar  abdominal  segments.  Its  walls  have  the  same 
two  muscnlar  coats  as  we  have  described  in  the  larval  stomach,  vide 
9upra,  and  the  epithelial  lining  is  thrown  np  into  beautifhl  glandular 
comigations.  The  stomach  is  overlaid  with  the  convoluted  malpighiau 
vessels,  mv,  six  in  number,  three  of  which,  on  each  side,  unite  and 
open  by  a  short,  common  duct  into  the  posterior  end  of  the  stomach. 
At  the  end  of  the  stomach  begins  the  peculiarly  coiled  small  intestine, 
i,  which  passes  to  the  lefb  of  the  bursa  copnlatrix  in  the  female,  and  of 
the  genitalia  in  the  male.  The  intestine  passes  into  the  wide  terminal 
division,  or  rectum,  22,  from  the  front  end  of  which  runs  out  a  curved 
blind  pouch  or  csecum,  c.  In  Danais  the  terminal  division  is  clearly 
separated  into  an  anterior  part  or  colon,  and  a  posterior  part,  or  true 
lectnm,  but  the  rectal  region  is  less  noticeable  in  Aletia. 

The  course  of  the  aorta,  or  anterior  extension  of  the  heart,  in  lepi- 
doptera,  was  not  correctly  described  by  the  older  authors.  Burgess  ob- 
served its  strange  bend  in  the  butterflies,  and  has  since  studied  it  in 
several  forms  of  lepidoptera,  and  published  his  results  in  a  short  paper.* 
In  this  article  he  describes  and  figures  the  course  of  the  thoracic  aorta 
in  a  noctnid.  In  Aletia  it  enters  from  the  abdomen  behind,  bends  im- 
mediately upwards,  widens  rapidly,  makes  a  slight  crook,  and  then, 
reaching  the  dorsal  wall  of  the  metathoraz,  to  which  it  is  secured  by 
fibrons  tissue,  it  makes  a  sharp  bend  and  runs  back  upon  its  own  course ; 
next  curves  forwards,  and,  growing  gradually  narrower,  runs  along  just 
above  the  oesophagus  into  the  head,  passing  with  the  former  through 
the  brain. 

The  nervous  system  consists  of  a  chain  of  ganglia  and  the  nerves. 
The  snpra-CBSophageal  ganglion,  or  brain,  occupies  nearly  the  center  of 
the  head  (Plate  VII,  Fig.  2,  J5r.),  and  is  connected  by  very  thick  commis- 
aures  witii  the  suboesophageal  ganglion,  which  passes  gradually  into 
the  cord  that  leads  to  the  first  thoracic  ganglion.  This  is  quite  distinct, 
bat  the  second  and  third  are  almost  completely  fused,  and  connect  with 
the  abdominal  ganglia  by  a  very  long  commissure.  In  the  abdomen 
(Plate  VIII,  Fig.  2)  there  are  four  nerve  centers  (a.  gr.,  a.  g.),  as  is  almost 
always  the  case  in  the  Lepidoptera,  lying  in  the  third,  fourth,  fifth,  and 
sixth  segments  respectively.  The  last  is  the  largest,  and  is  compounded 
of  two  or  more  ganglia  fused  together ;  the  principal  nerves  arising  from 
it  seem  to  innervate  the  organs  of  reproduction. 

*BargeBS.  E.    Proceedings  Boat.  Soo.  Nat  Htot.,  YXT,  163-lse. 
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In  the  state  of  rest  the  eighth  and  ninth  segments  in  the  abdomen  of 
both  sexes  lie  concealed  within  the  seventh,  the  intersegmental  mem- 
branes in  these  cases  being  long  enough  to  admit  of  this  telescoping 
action.  The  eighth  segment  of  the  male  does  not  differ  from  the  preced- 
ing, except  in  wanting  the  spiracles  and  in  its  smaller  size.  It  has,  how- 
ever, on  its  under  side  a  thick  shock  of  long  hairs  or  scales  parted  down 
the  middle,  which,  when  this  segment  is  retracted  within  the  seventh, 
serves  to  form  a  soft  cushion  between  the  two,  although  this  may  not  be 
its  only  purpose.  The  brushes  of  hair,  to  be  described  below,  borne  by 
the  ninth  segment  act  in  the  same  manner  as  a  cushion  between  the 
eighth  and  ninth  segments. 

The  dorsum  of  the  latter  or  terminal  segment  is  produced  backwards 
into  a  slightly  curved  hook,  oft^n  compared  with  the  telson  of  the  Crus- 
tacea (see  Plate  YIII,  Fig.  2,  and  Plate  X,  Figs.  1  and  3,  where  the  hook 
is  marked  with  the  figure  9).  This  hook  covers  the  anal  opening  (a.), 
and  in  some  Xoctuids  is  greatly  developed.  Beneath  it  is  a  chitinous 
finger  (Fig.  3,/)  which  is  movable,  but  its  function  is  obscure. 

The  ventral  portion  of  the  ninth  segment  forms  a  broad  trough-shaped 
process  (Plate  X,  v.pr.<,  Figs.  1-3),  with  upturned  lateral  edges,  the  penis 
lying  in  the  bottom  of  the  trough  so  formed,  and  hinged  to  each  side 
of  this  segment  are  the  ^^claspers,"  which  are  narrow  triangular  pieces 
with  a  slender,  slightly  incurved  apex.  Their  exact  shape  will  be  more 
readily  understood  by  referring  to  the  lateral,  dorsal,  and  ventral  views 
given  in  Plate  X,  Figs.  1,  2,  and  3,  c  left,  &  right  clasp. 

There  is  still  another  and  singular  organ  attached  to  the  ninth  seg- 
ment. This  is  a  sac  with  delicate  membraneous  walls  thickly  covered 
with  slender,  long-stalked  scales  (Plate  IX,  Fig.  3).  The  sac  is  very 
elastic,  and  may  be  protruded  like  a  long  finger  and  again  retracted  at 
will.  The  long  hair-like  scales  give  the  organ  the  appearance  of  a 
brush.  It  is  shown  in  various  positions  on  Plate  X,  Figs.  1-3,  b,  the 
scales  being  removed  in  all  the  figures.  This  brush-sac  is  attached  to 
the  base  of  the  claspers. 

Morrison*  first  called  attention  to  similar  organs  in  Leuoarciia  aerasaj 
and  states  they  are  protruded  by  being  filled  with  fluid  from  within.  He 
also  noticed  them  in  Danais,  Agrotis,  and  Euplexia.  Burgess  (loccit.) 
described  their  structure  in  Danais,  where,  however,  they  are  not  placed 
ju  the  same  position  as  in  Leucarctia  and  the  Noctuids.  The  retractor 
muscle  found  in  Danais  we  have  not  succeeded  in  finding  in  Aletia. 
Miiller  has  also  noticed  these  appendages,  and  regards  them  as  scent 
organs.  At  all  events  it  is  probable  they  are  organs  for  sexual  excita- 
tion.   They  are  not  found  in  the  female.'^ 

The  male  organs  of  reproduction  consist  of  a  very  large  tesUSy  two 
vasa  deferentia,  in  each  of  which  a  tubular  gland  opens,  a  dtictus  ejacu- 

**  Morrison,  H.  E.    Payohe,  I,  21. 
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latmus^  and  the  penis.  The  testis  is  shaped  like  a  very  thick,  nearly 
spherical,  button-  (Plate  VIU,  Fig.  2,  and  X,  Fig,  1,  Te.)  It  is  really  a 
compound  organ  composed  of  two  testes  fused  together.  The  testes 
can  be  found  in  the  caterpillar  as  separate  kidney  shaped  organs  lying 
close  under  the  dorsal  vessel*  in  the  fifth  abdominal  segment.  In  both 
larva  and  imago  the  fifth  abdominal  spiracle  sends  a  branching  tra- 
cheal tree  which  spreads  over  and  into  the  testes  on  each  side.  The 
Tasa  deferentia  lead  from  the  i)osterior  face  of  the  testes.  After  a  few 
convolutions  they  dilate  into  x>od-8haped  chambers,  and  then  contract 
for  a  length  of  very  fine  tubes  until  reaching  the  point  of  union  with 
ihe  glandulcB  mucosw^  into  the  basal  portion  of  which  the  vasa  deferen- 
tia seem  to  opeu.  A  short  distance  farther  and  the  two  vasa  deferen- 
tia unite  into  a  long,  single  duct,  the  ductus  gaculatoriuSy  which  is  of 
larger  diameter,  contracting  slightly  near  its  end,  again  dilating  into  a 
very  muscular,  gourd-shaped  section  (Plate  X,  Fig.  1),  which  opens  into 
the  penis. 

The  latter  organ  is  a  slender,  chitinous  tube  whose  top  projects  be- 
tween the  claspers  and  below  the  anus,  and  which  lies  in  the  trough 
formed  by  the  ventral  arch  of  the  ninth  segment,  as  already  described. 
It  is  protruded  by  a  muscle  on  either  side,  the  protractor  peniSj  which  is 
attached  to  the  ninth  segment.  The  end  of  one  of  these  protractors  is 
shown  dktpp  in  Figs.  1  and  2,  of  Plate  X.  The  retractor  was  not  found. 
From  the  tip  of  the  penis  project  two  prongs,  which  bear  on  their  inner 
aspect  several  stout  spines  and  some  smaller  teeth,  as  shown  in  Fig.  4, 
Plate  X.  These  prongs  seem  capable  of  protrusion  and  retraction,  and 
telescoped  within  the  penis  can  be  seen  other  chitinous  processes  and 
spines,  apparently  of  considerable  complexity,  which  could  not  be  sat- 
is&ctonly  studied  in  the  specimens  at  disposal. 

FEMALE  OBGANS  OF  BEPBODUGTION. 

The  ovaries  consist  of  four  long  slender  tubes,  lying  in  several  folds 
on  each  side  of  the  body.  Their  slender  tips  end  in  suspensory  liga- 
ments, aU  eight  of  which  unite  together  immediately  under  the  dorsal 
vessel.  At  their  basal  ends  the  ovarian  tubes  of  each  side  unite  into 
a  uterine  chamber  (Plate  IX,  Fig.  4,  ti.)>  the  short  oviducts  from  which 
unite  into  a  single  oviduct,  which  passes  through  the  eighth  and  ninth 
segment  and  opens  between  the  lateral  flaps  of  the  latter  beneath  the 
anus. 

Two  accessory  glands — colleterial  or  sebaceous  glands,  so  culled — 
which  are  concerned  with  secreting  the  egg-shell  or  the  cement  by  which 
the  moth  fixes  the  eggs  in  place  when  laid,  open  into  the  common  ovi- 
duct. The  anterior  gland  is  single ;  the  posterior  is  a  pair  of  glands 
with  a  single  duct.  Both  consist  of  long  codcal  tubes,  with  pear-shaped 
dilations  near  the  base,  followed  by  another  roundish  dilation.    (See 

IIM       I    II    I       ■     II  I  -       ■    ■  ^,     ,—  ^—^  ■ 

*  Sm  Meyer.    Zeitachr.  wise.  ZooL  1, 182.    Alao  H.  Landois,  ibid.,  xiil,  816. 
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Plate  IX,  Fig.  4,  a.gV  and  a.gU)  The  paired  glands  lie  close  nnd 
the  rectum,  and  would  at  first  sight  be  supposed  appendages  of  the  Is 
ter  instead  of  belonging  to  the  oviduct. 

At  the  base  of  the  eighth  segment,  beneath,  opens  the  vagina  {v,)j  1 
orifi(^e  of  which  is  therefore  distinct  from  that  of  the  oviduct.  It  is 
long  horny  canal,  which  leads  into  a  very  large  pyriform  copiilatoi 
pouch.  (Plate  IX,  Fig.  4,  c.  p.)  This  pouch  is  a  very  remarkable  orga 
in  the  Lepidoptera.  Its  walls  are  very  thick,  and  consist  of  a  powerfn 
muscular  layer  (Fig.  7,  w.),  within  which  is  an  epithelial  layer  («p.)  o 
matrix  which  gives  rise  to  a  stout  cuticula  intima  (cw.).  This  last  liesi 
heavy  folds  or  ridges  (Fig.  5),  which  have  a  general  longitudinal  dim 
tion,  bnt  with  various  curves  and  anastomosing  branches.  It  is  covere 
with  little  points,  or  teeth,  which  are  stouter  near  the  base  of  the  poi^cl 
and  similar  to  the  cuticular  spines  of  the  larval  skin  described  at  tl 
beginning  of  the  chapter.  Each  point  arises  in  a  little  field  of  its  owi 
separated  by  various-shaped  boundaries  ffom  adjoining  fields.  (Si 
Fig.  6.)  These  fields  probably  correspond  to  the  underlying  cells  of  tl 
matrix.  Near  the  base  of  the  interior  of  the  pouch  a  transverse  ti 
angular  flap  or  valve  is  suspended  from  above,  very  thickly  covers 
with  short  teeth,  like  those  over  the  rest  of  the  pouch. 

There  is  a  deep  longitudinal  furrow  on  the  top  of  the  pouch,  so  th; 
cross-sections  of  the  latter  give  a  Y-shaped  cavity.  The  vagina  itsc 
has  a  smooth,  stout  cuticula.  Kear  the  base  of  the  vagina  a  slend 
sperm-duct  {s,  d,)  leads  from  the  vagina  into  the  oviduct,  through  whi< 
duct  the  spermatozoa  pass  from  the  copulatory  pouch,  where  they  a 
discharged  into  the  oviduct  where  the  eggs  are  to  be  fecundated.  TJ 
sperm-duct  does  not  expand  into  a  spermatheca,  as  is  often  the  case. 

In  the  female,  as  in  the  male,  the  two  terminal  segments  are  retracte 
resting  within  the  seventh,  and  do  not  bear  spiracles.  The  eighth  se 
ment  is  like  the  preceding  in  shape,  but  smaller,  with  the  pocket  b 
neath  for  the  vaginal  opening,  as  described.  From  the  anterior  margi 
each  side,  a  stout  spur  projects  into  the  interior  of  the  abdomen  (Pla 
IX,  Fig.  4)  for  the  attachment  of  muscles  to  move  the  segment. 

The  dorsum  of  the  ninth  segment  forms  merely  a  membranous  co 
ering  over  the  rectum  and  contains  no  ossified  element.  The  sides  • 
the  segment  are  produced  into  two  lobes  (see  Plate  IX,  Fig.  4),  whi< 
flank  the  oviduct  and  form  a  short  ovipositor.  Anteriorly  the  lob 
send  out  two  fepurs  like  those  of  the  preceding  segment,  but  they  a; 
not  shown  in  the  figure.  Ventrally  the  segment  terminates  in  a  aho 
triangular  piece  projecting  between  the  lateral  lobes. 


CHAPTER    VI. 


THE  COTTON  BELT. 

By  Prof.  Eugene  A.  Smith. 
[Maps  I  and  11.] 

A.-OEHEBAL  FEATUSJBS  OF  THE  COTTOIT  STATES. 

In  this  re^on  are  incladed  North  and  South  Garolina,  Georgia,  Flor- 
ida, Alabama,  Mississippi,  Louisiana,  the  eastern  parts  of  Texas  and  the 
Indian  Territory,  Arkansas^  Southern  Missouri,  Tennessee,  and  parts  of 
KentQcky  and  Virginia.  To  these  may  be  added,  in  California,  the  re- 
gion between  Merced  and  Kern  in  the  southern  part  of  the  State,  and 
Yuba,  Sutter,  and  Colusa  Counties  in  the  northern  part. 

Almost  the  whole  cotton  crop  is  thus  produced  in  the  area  included 
between  the  twenty-ninth  and  thirty-seventh  parallels  of  north  latitude, 
and  between  the  seventy-sixth  and  one  hundredth  lines  of  west  longi- 
tade. 

Glimatb. — Winds. — ^As  regards  the  direction  of  the  prevailing  winds, 
the  cotton  States  may  be  arranged  in  four  groups. 

The  first  of  these  includes  Texas,  Arkansas,  and  the  Indian  Territory, 
in  which  the  prevailing  winds  during  the  summer  are  from  the  south- 
east, south,  and  southwest,  and  from  the  north  and  northwest  during 
the  winter  months.  The  second  includes  the  States  of  Kentucky  and 
Tennessee,  lying  between  the  Mississippi  and  the  Appalachian  chain, 
in  which  the  prevailing  direction  of  the  winds,  both  winter  and  summer, 
is  from  the  southwest.  The  third  includes  the  States  of  the  Atlantic 
slope— North  and  South  Carolina  and  Georgia — whose  prevailing  sum- 
mer winds  are  from  the  southwest  and  those  of  the  winter  from  the 
northwest.  The  fourth  section,  including  the  Gulf  States,  Louisiana, 
Alabama,  and  Florida,  partakes  of  the  characters  of  the  other  regions 
surrounding  it;  and,  while  the  prevailing  winds  are  southeasterly  in  sum- 
mer and  northeasterly  in  wintSr,  the  directions  are  very  nearly  evenly 
balanced,  except  in  some  parts  of  the  Florida  peninsula,  where  there  is 
a  very  decided  prevalence  of  easterly  winds  throughout  the  year. 

SainfaU. — The  supply  of  moisture  for  the  rainfall  over  the  cotton 
States  comes  almost  exclusively  from  the  Gulf  of  Mexico.  The  amount 
of  yearly  rainfall  varies  between  the  extremes  of  28  and  64  inches. 
Over  the  greater  part  of  this  area  it  varies  between  40  and  60  inches. 

The  densest  part  of  this  rain  distribution  is  ovet  the  Mississippi  delta 
and  vicinity ,^  reaching  the  maximum  of  64  inches  in  Southeagti  Mmv&- 
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sippi  and  Southwest  Alabama,  whence  it  divides,  ranning  with  56  inches 
northeastward  to  Florence,  Alabama,  and  northwestward  up  the  Bed 
Eiver  to  the  lower  part  of  Arkansas. 

The  annual  precipitation  over  the  rest  of  the  cotton  States  is  between 
44  and  56  inches,  with  the  following  exceptions: 

(1.)  In  Texas  the  rainfall  is  much  less,  varying  between  28  and  44 
inches  in  the  cotton-producing  portion  of  the  State,  and  falling  as  low 
as  20  inches  or  less  towards  the  west.  The  Indian  Territory  presents 
nearly  the  same  characters. 

(2.)  Through  Western  North  Carolina  and  East  Tennessee,  and  extend- 
ing down  through  Georgia  and  Southeastern  Alabama  into  Florida, 
there  is  an  area  in  which  the  precipitation  is  between  40  and  44  inches. 
A  narrow  strip  along  the  coasts  of  North  and  South  Carolina  exhibits 
similar  conditions. 

(3.)  In  the  extreme  south  of  Florida  (outside  of  the  cotton  region) 
there  is  a  rainfall  of  56  to  60  inches. 

Of  great  importance  to  the  growth  of  the  cotton  plant  is  the  distri- 
bution of  the  rainfall  over  the  different  seasons ;  and  we  find  the  maxi 
mum  pf  precipitation  during  the  months  of  June,  July,  and  August,  oi 
18  inches  and  above,  (1)  in  the  delta  region  of  the  Mississippi,  and  ex- 
tending in  a  narrow  band  up  the  Mobile  Eiver,  into  the  fork  of  the  Tom- 
bigbee  and  Alabama  Elvers ;  and  in  a  second  narrow  band  northwest- 
ward almost  to  Little  Eock,  Ark.  (2)  Eastern  South  Carolina  and 
Georgia,  and  the  whole  of  the  peninsula  of  Florida,  show  similar  condi- 
tions, the  summer  rainfall  in  Southwestern  Florida  reaching  28  inches. 

The  rest  of  the  cotton-producing  area  has  a  summer  precipitation 
varying  between  10  and  18  inches,  excepting  parts  of  Texas  and  the 
Indian  Territory,  where  it  is  less. 

As  regards  the  winter  rainfall,  we  find,  as  in  summer,  the  densest 
area  about  the  Mississippi  delta,  12  to  18  inches,  whence  it  spreads  north- 
ward in  tlp*ee  bands — one  through  Central  Alabama  and  Georgia  and 
along  the  eastern  jslope  of  the  Appalachian  chain ;  the  second,  passing 
through  Northwest  Alabama  and  Northeast  Mississippi,  crosses  Central 
Tennessee  and  Kentucky  in  the  direction  of  Cincinnati }  the  third  passes 
up  the  Mississippi  Eiver,  mainly  to  the  west  of  that  stream,  to  the  lati- 
tude of  Cairo. 

A  second  area,  of  above  12  inches,  is  seen  in  Texas,  passing  through 
Indianola  and  Austin,  and  a  third  in  Middle  Florida,  east  of  Appa- 
lachee  Bay. 

The  rest  of  the  cotton-producing  area  has  a  winter  rainfall  varying 
between  8  and  12  inches,  excepting  the  western  part  of  Arkansas,  most 
of  the  Indian  Territory,  a  good  part  of  Texas,  and  a  portion  of  the  eastern 
part  of  the  Florida  peninsula. 

It  is  impossible  to  trace  any  very  close  relation  between  the  rainfall 
and  the  percentage  of  area  planted  in  cotton,  but  it  may  be  noted  that 
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those  parts  where  this  percentage  |s  10  and  above  have  a  snmmer  rain- 
feJl  below  14  inches,  and  a  winter  rainfall  above  12  inches. 

Tempebatttbe. — ^The  distribution  of  heat  in  the  cotton  States  is 
nearly  normal,  as  the  isothermals  follow  approximately  the  parallels  of 
latitude,  the  departures  from  this  regularity  being  due  (1)  to  the  heat- 
ing effect  of  the  Gulf  Stream,  by  which  the  lines  of  equal  temperature 
are  elevated  or  deflected  northward  along  the  Atlantic  coast;  (2)  to 
the  cooling  effect  of  the  mountainB,  which  causes  a  depression  south- 
ward of  these  lines,  as  may  be  seen  in  the  vicinity;  of  the  Appalachians; 
and  (3)  to  the  accumulation  of  heat  in  valleys,  which  carries  the  iso- 
thermals up  these  valleys,  often  to  considerable  distances  beyond  their 
normal  position.  With  these  general  principles  in  view,  it  will  be  easy 
to  understand  the  temperature  distribution  in  the  region  of  which  we 
are  writing. 

The  mean  annual  temperature  line  of  68<^  Fahr.  runs  nearly  parallel 
with  the  southern  coasts  of  Alabama,  Mississippi,  Louisiana,  and  Texas, 
where  these  coasts  have  an  east  and  west  direction,  and  at  no  great  dis- 
tance north  of  this  shore  line.  In  Texas  it  is  carried  up  the  Bio  Grande 
Valley,  beyond  the  102d  degree  of  west  longitude.  ^ 

The  line  of  MP  follows  approximately  the  parallel  of  33^,  running 
north  of  it  near  the  coast  in  Korth  and  South  Carolina,  because  of  the 
Atlantic  Ocean ;  south  of  it  in  Georgia  and  Alabama,  because  of  the 
influence  of  the  Appalachian  chain ;  it  is  carried  upward  by  the  Missis- 
sippi and  Bed  Biver  Valleys,  bending  downward  on  each  side  of  them, 
being  deflected  far  to  the  south  beyond  Bed  Biver,  in  Gentral  Texas, 
by  the  influence  of  the  western  mountains. 

The  line  of  60^,  starting  from  the  coast  of  North  Garolina  a  little 
north  of  the  36th  parallel,  crosses  that  State  diagonally  to  the  eastern 
foot  of  the  Appalachian  range,  around  the  southern  end  of  which  it 
sweeps  in  a  great  curve  which  passes  below  Talladega  in  Alabama,  and 
bends  northwestward  to  New  Madrid,  Mo.,  whence  it  runs  westward 
approximately  along  the  36th  parallel  through  the  Indian  Territory 
into  Texas,  till  turned  southward  like  the  preceding  in  the  western 
part  of  that  State. 

The  isothermals  between  52^  and  56^  He  generally  north  of  the  cot- 
ton States,  except  in  the  Appalachian  region  of  North  Carolina,  Ten- 
nessee, Gteorgia,  and  Alabama,  and  the  central  parts  of  Tennessee  and 
Kentucky,  but  in  none  of  these  localities  is  the  production  of  cotton 
on  any  large  scale,  except  in  Western  North  Carolina,  the  valley  of  the 
Chattahoochee  in  Georgia,  that  of  the  Tallapoosa,  Coosa,  and  Tennes- 
see in  Alabama,  and  a  part  of  the  central  basin  of  Tennessee,  where 
the  mean  annual  temperature  is  between  56^  and  6(P. 

The  isothermals  for  the  summer  are  far  less  regular  than  those  of  the 
year.  Thus  the  summer  line  of  80^,  starting  at  the  coast  near  Charles- 
ton, runs  westward  to  Macon,  Gia. ;  thence  south  to  Tallahassee,  Fla. ; 
thence  diagonally  across  Alabama  to  Tuscaloosa,  to  which  it  is  raised 


62     REPORT   4,    IJNITBD   STATES   ENTOMOLOGICAL   COMMISSION. 

by  the  Alabama  and  Tombigbee  Elvers,  and  though  partly  kept  up  by 
the  Ghickasawhay  and  Pearl  Elvers,  bends  then  south  nearly  to  Batou 
Eouge.  Up  the  Mississippi  Valley  it  is  carried  nearly  to  the  35th  par- 
allel, and  after  sinking  below  the  33d,  is  carried  again  by  the  Bed 
Elver  Valley  beyond  the  35th  parallel  in  the  Indian  Nation,  whence  it 
bends  around  southwest  approximately  parallel  to  the  Texas  coast,  till 
carried  &r  out  to  the  west  along  the  Pecos  and  Eio  Grande. 

The  rest  of  the  cotton-producing  territory  of  the  United  States  ifi 
included  between  the  summer  lines  of  76^  and  80^,  excepting  where  the 
Blue  Eidge  in  Western  North  Carolina  and  Northern  Georgia  and  the 
Cumberland  Mountains  of  Tennessee  cause  a  great  southward  exten 
sion  of  the  summer  mean  of  68^  to  72^,  and  where,  along  the  easten 
slope  of  the  Blue  Eidge  in  North  Carolina  and  Georgia,  around  its  en( 
in  Alabama,  and  between  the  Blue  Eidge  and  the  Cumberland  range; 
in  the  valley  of  East  Tennessee,  and  on  the  western  slope  of  the  Cum 
berland  in  Middle  and  Western  Tennessee  and  Kentucky,  and  soutfa 
ward  on  the  water-shed  between  the  Tombigbee  and  Yazoo  in  Missis 
sippi,  the  mean  summer  temperature  is  between  72^  and  76^. 

In  view  of  the  probable  influence  of  the  winter  temperatures  in  dc 
termining  the  place  of  hibernation  of  the  cotton  moth,  it  has  beei 
thought  best  to  transcribe  upon  one  of  the  maps  accompanying  thi 
article  the  lines  of  equal  temperature,  during  the  winter  months,  fo 
every  fourth  degree,  from  28^  to  72^  Fahr.  These  lines,  as  well  as  th 
data  upon  which  the  above  account  of  the  climate  of  this  region  ha 
been  compiled,  have  been  taken  from  the  Smithsonian  Contributions 
Vols.  XVIII,  XX,  and  XXI. 

It  will  be  seen  that  these  winter  lines  show  the  comparative  regulai 
ity  of  those  of  the  annual  means ;  they  are  carried  northward  by  th 
influence  of  the  Gulf  Stream  along  the  Atlantic  coast,  and  by  the  var 
ous  large  rivers  in  the  west,  while  they  are  carried  southward  by  th 
mountains  and  high  table  lands. 

The  chart,  however,  presents  all  these  facts  much  more  clearly  thai 
can  be  done  by  any  verbal  description. 

Geological  Sketch. — Through  North  and  South  Carolina,  Tenner 
see,  and  Georgia  passes  the  great  mountain  chain  of  the  Appalachians 
terminating  in  Central  Alabama.  The  most  elevated  parts  of  this  chain 
and  its  southeastern  or  Atlantic  slopes,  are  formed  of  the  crystalline  o 
metamorphic  rocks,  while  the  opposite  or  northwestern  slope  is  mad 
up  of  the  strata  of  the  Silurian  and  other  Paleozoic  formations. 

Westward  of  the  Appalachian  region  of  elevation  these  Paleozoi 
rocks  underlie  the  country  to  the  central  part  of  Texas,  not,  however 
continuously  through  the  cotton-producing  States,  but  interrupted  b; 
one  great  gap,  which  reaches  up  the  axis  of  the  Mississippi  Eiver  a 
&r  as  the  mouth  of  the  Ohio. 
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Tbeoater  margiD  of  these  older  formations  is  near  the  following  towns : 
Baleigli,  Columbia,  AngU8ta,  Macon,  Columbus,  Wetumpka,  Centerville, 
and  Tuscaloosa,  whence  it  turns  northward  through  Tennessee,  meeting 
the  present  Mississippi  at  Cairo,  and  thence  through  Little  Bock  south- 
westward  as  far  as  Central  Texas. 

In  thef waters  off  the  sinuous  shore-line,  thus  outlined,  of  the  ancient 
continent  were  deposited  in  succession  the  sediments  which  constitute 
the  newer  formations,  Cretaceous  and  Tertiary.  By  the  gradual  eleva- 
tion  of  this  part  of  the  continent  these  deposits  were  added  to  the  land 
area  already  existing,  and  the  shore  line  moved  outward,  at  least  as  far 
as  its  present  position. 

By  a  subsequent  depression  these  newer  formations,  and  the  lower 
edge  also  of  the  older,  were  submerged  and  covered  with  deposits  of 
sand,  pebbles,  clay,  and  loam,  brought  down  from  northern  latitudes. 

Upon  these  deposits  some  of  the  cotton  States  depend  for  their  most 
important  soils,  and  they  will  hence  be  again  subject  of  special  mention 
below. 

Lastly,  a  re  elevation  gave  to  the  continent  its  present  outlines. 

TopoGBAPHT. — ^The  really  mountainous  portion  of  the  cotton  States 
is  confined  to  the  Appalachian  region,  in  which  the  strata  have  been 
thrown  into  folds,  faulted,  and  elevated  many  hundred. feet  above  the 
general  land  surface.  The  main  topographical  features  of  this  region 
conform  in  direction  to  that  of  the  folds  originally  impressed  upon  its 
strata,  t.  e.,  northeast  and  southwest.  The  unyielding  nature  of  many  of 
the  rocks  and  their  alternation  with  others  more  easily  eroded  have  like- 
wise had  their  influence  in  determining  the  character  of  the  scenery. 

This  region,  as  already  stated  above,  is  composed  partly  of  the  meta- 
morphic  rocks,  and  partly  of  the  uncrystallized  Paleozoic  strata.  The 
highest  mountains  of  this  chain  are  formed  of  the  crystalline  slates. 

Outside  of  the  Appalachian  region  the  Paleozoic  rocks  are  approxi- 
mately horizontal,  and,  where  they  make  the  country,  the  topography  is 
the  result  of  erosion  simply,  and  is  very  little,  if  at  all,  modified  by  the 
geological  structure. 

This  whole  area  has  a  gentle  slope  away  from  the  Appalachian  axis, 
and  there  are  nowhere  within  its  limits  elevations  of  any  considerable 
Magnitude  as  compared  with  those  of  the  preceding  division. 

The  presence  of  sandstones  and  beds  of  hard  cherty  limestone  among 
these  strata  gives  ri8e,'however,  to  varied  scenery  of  the  most  pleasing 
character. 

The  newer  rocks  have  a  gentle  dip  away  from  the  Paleozoic  border. 
Their  elevation  is  in  general  less  than  600  feet  above  the  sea,  and  the 
scenery,  as  in  the  preceding  instance,  is  solely  the  result  of  erosion. 

The  mantle  of  sands  and  loams  which  covers  these  newer  rocks  gives 
additional  uniformity  to  the  topographical  features,  which  are  almost 
entirely  independent  of  the  character  of  the  underlying  beds.  The 
broken  and  almost  mountainous  region  produced  by  the  hard  sandstones 
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of  the  Lower  Tertiary,  and  the  low  basin  or  trough  of  the  Cretaceoi 
are  the  principal  exceptions  to  this  uniformity. 

Through  all  this  region  of  the  newer  rocks  there  are  alternations  ( 
nearly  level  table  lands  of  500  to  600  feet  elevation  above  tide,  bordere 
by  red  clay  and  pebbly  hills  where  the  table  lands  break  off  toward 
the  water  courses. 

The  most  recent  formations,  along  the  alluvial  plains  of  some  of  thi 
larger  rivers  and  in  the  vicinity  of  the  Gulf  coast  in  Texas  and  Louis 
iana,  have  almost  a  dead  level  surfaee. 

The  topographical  featui'es  are  thus  seen  to  be  in  great  measure,  anc 
particularly  within  the  hydrographical  basin  of  the  Mississippi,  thi 
result  of  erosion  simply. 

The  drainage  of  the  greater  part  of  the  cotton  producing  area  it 
into  the  Gulf  of  Mexico,  and  the  Mississippi  Eiver  the  principal  chaa 
nel. 

The  waters  of  the  Garolinas  and  Eastern  Georgia  and  Eastern  Floridt 
find  their  way  into  the  Atlantic. 

Soils. — ^The  soils  which  are  planted  in  cotton  may  be  divided  inti 
two  great  classes. 

Those  of  the  first  class  rest  directly  upon  the  rocks  from  which  the; 
have  been  derived,  or  at  most  have  been  very  little  removed  from  thei 
original  places ;  and  hence  they  are  in  composition  closely  related  t 
the  underlying  rocks,  and  vary  from  place  to  place  as  these  vary. 

The  soils  of  the  second  class  have  been  transporteil  from  their  plac 
of  origin,  and,  as  a  rule,  rest  now  upon  rocks  with  which  they  have  littl 
or  no  genetic  relation. 

Eesulting,  as  they  do,  from  the  commingling  of  the  detritus  of  wideh 
separated  and  very  different  rocks,  these  soils,  over  great  areas,  preset 
substantially  the  same  features,  irrespective  of  the  particular  geologic^ 
formations  upon  which  they  have  come  to  rest. 

In  general  terms,  the  Paleozoic  formations  possess  soils  which  ha^ 
resulted  from  the  decay  of  the  rocks  of  the  country,  while  the  newc 
formations  have  been  covered  with  a  mantle  of  sands,  pebbles,  an 
loams,  which  have  been  brought  from  greater  or  less  distances,  an 
which  in  a  great  measure  form  the  soils  and  subsoils  over  the  entii 
area,  with  the  few  exceptions  presently  to  be  noticed.* 

The  drift  soils  above  named,  while  similar  in  composition  over  larg 
areas,  are  nevertheless  in  places  modified  by  admixtures  with  the  pn 
ducts  of  the  disintegration  of  the  underlying  Cretaceous  and  Tertiar 
rocks,  and  in  certain  localities  these  disintegrated  rocks  themselve 
constitute  the  soils,  as  in  the  black  prairie  region  of  Alabama  and  Mit 
sissippi,  and  in  some  of  the  Tertiary  prairies  of  these  States. 

*  It  is  hardly  necessary  to  say  that,  with  reference  to  the  Drift  beds  firom  which  they  are  derivei 
these  soils  also  are  sedentary  or  in  place,  and  the  beds  of  the  Drift  ore,  accurately  speaking,  as  muc 
rocks  as  are,  for  instance,  the  limestones  of  the  Silurian  age ;  still,  f^om  our  point  of  view,  the  di 
tinctlon  above  made  has  its  Jastiflcation  in  its  convenience. 


\ 


AGSICTJLTT7BAL   SUB-DIVISIONS   OF   THE   COTTON   BELT.  66 

Near  the  coast  in  Louisiana  and  Texas,  and  in  some  parts  of  the  alln- 
vial  region  of  the  Mississippi  and  its  tributary  rivers,  the  Drift  itself  in 
tarn  has  been  covered  with  still  more  recent  depQsits,  a  kind  of  river- 
swamp  or  Gnlf-swamp  formation,  from  which  some  of  tiie  most  impor- 
tant soils  of  these  localities  have  been  directly  derived. 

Agricxtltubai,  SUBDIVISIONS. — The  agricultural  characters  of  the 
Cotton  States  may  be  described  under  the  following  heads : 

1.  The  alluvial  region^  including — 

a.  The  alluvial  region  of  the  Mississippi  and  other  large  rivers. 

b.  The  marsh  region  of  the  coast  and  lakes. 

2.  The  lower  prairie  region^  including — 

a.  The  central  prairies  of  Louisiana  and  the  coast  prairies  of 

Texas. 

b.  The  prairies  and  savannas  of  Florida. 

G.  The  llatio  estacado  and  gypsum  lands  of  Texas  and  the  Indian 
Territory. 

3.  The  long-leaf  pine  region^  including — 

a.  The  long  leaf  pine  hills  and  flats. 

b.  The  oak  and  hickory  uplands  with  long-leaf  pine. 

c  The  hammocks  of  Florida ;  the  shell  prairies,  lime  hills,  and 
red  lime  lands  of  Mississippi,  Alabama,  and  Florida, 
i  The  oak  uplands  region,  including— 

a.  The  oak  and  hickory  uplands  with  short-leaf  pine. 

b.  The  table  lands  of  Mississippi  and  Tennessee,  and  the  Oane 

Hills  or  Bluff  region. 
5.  Ike  upper  prairie  region,  including — 

a.  The  black  Cretaceous  prairies  of  Texas,  Mississippi,  and  Ala- 

bama. 

b.  The  blue  marl  lands  and  hill  prairies  (Pontotoc  Bidge  and 

Chunnenugga  Eidge  of  Mississippi  and  Alabama). 
^  Ike  red  and  brown  loam  region,  based  on  the  older  limestone  forma- 
tions, including — 

a.  The  red  loam  lands  of  the  Tennessee  Basin,  of  the  valley  of  East 

Tennessee,  of  the  Goosa  Yall^y,  and  of  tlxe  Tennessee  Yalley 
in  Forth  Alabama. 

b.  The  red  loam  uplands  and  prairies  of  Arkansas,  Indian  Terri- 

tory, and  Texas. 
7.  Ike  eandy  and  siliceous  lands  of  the  older  formations,  including — 

a.  The  cherty  limestone  lands  and  ^^ barrens"  of  Tennessee,  (reor- 

gia,  and  Alabama;  the  cherty  lands  and  their  prairies  of 
northern  Arkansas. 

b.  The  Oarboniferous  sandstone  soils  of  Alabama,  Tennessee, 

and  (Georgia. 
0.  The  sandy  prairie  region  of  Indian  Territory. 
B.  The  gneissie  region, 
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Before  proceeding  to  the  description  in  detail  of  the  agriooltoral  re- 
gions above  enumerated,  it  will  be  convenient  to  give  a  short  account 
of  the  chief  botanical  characters  of  the  different  parts  of  the  cotton-pro- 
ducing area,  and  this  I  am  enabled  to  do  through  the  courtesy  of  Dr. 
Oharles  Mohr,  of  Mobile,  Ala.,  special  census  agent,  to  whom  I  am  in- 
debted for  the  following  notes.  It  is  proper  to  state  that  these  notes 
refer  particularly  to  the  States  of  Texas,  Louisiana,  Mississippi,  Ala- 
bama, and  Florida. 

It  will  be  seen  that  the  regions  of  forest  growth  of  Dr.  Mohr  corre- 
spond in  the  main  with  the  agricultural  regions  above  given. 

BEOIONS  OF  FOREST  GROWTH. 

o.  More  or  less  open  oak  woods,  as  they  prevail  on  the  highlands  olT' 
Alabama,  with  Pinus  mitia  and  P.  tceda  ;  the  long-leaf  pine,  P.  auMtraliSy 
occurring  on  the  cherty  and  sandy  ridges  and  on  the  quartzose  ranges 
of  the  eastern  part  of  the  State.  As  upland  oaks  the  following  speciee^ 
are  included:  Quercus  printu^  mountain  oak;  Q.  Muhlenbergiiy  chestnuts 
oak ;  Q.  tinctoria^  black  oak;  Q,  stellata^  post  oak;  Q.  nigray  black-jack. 
The  hickories  are  Oarya  amaraj  0.  tomentosaj  0,  porcina. 

The  other  accompanying  trees  are  the  various  haws,  the  snow-drop^ 
tree  {IIalma)y  the  sour- wood  (Oxydendrum  arboreum)y  and  several  spe- 
cies of  Comus  and  Ilex.  Various  species  of  Azalea  and  huckleberries 
make  up  the  arborescent  and  shrubby  growth. 

In  the  mountains  bordering  on  the  valley  of  the  Tennessee  and  all 
the  deeper  valleys  of  the  mountainous  region  of  North  Alabama,  where 
the  limestone  prevails,  large  buckeyes  (Mscvlus  flava  and  glabra)  make 
their  appearance,  with  the  Magnolia  cordata^  and  the  cucumber  trees 
{Magnolia  rMicrophyUa  and  acuminata)  find  here  their  fullest  growth; 
and  nowhere  are  found  the  black  walnut,  white  oaks,  black  oaks,  and 
poplars  {Litiodendron)  in  greater  perfection,  associated  with  the  linden 
or  basswood.  This  region  includes  6,  7,  and  8  of  the  agricultural  sub- 
divisions given  above. 

h.  Bich  bottom  lands  as  represented  by  the  alluvial  lands  of  the 
Mississippi  Biver  and  the  Mississippi  and  Yazoo  Deltas,  and  the  less 
heavily  timbered  flat  lands  of  southwestern  Louisiana.  The  cypress 
swamps  follow  the  banks  of  the  rivers  in  their  lower  courses  (mostly 
below  the  33d  degree  of  north  latitude,  except  in  the  extensive  cypress 
swamps  of  the  Yazoo  Delta,  which  reach  as  high  as  35^).  These  swamps 
have  an  average  width  of  3  miles  on  each  side.  In  their  courses  north- 
ward the  bottoms  are  more  restricted,  and  consequently  the  cypress 
swamps  are  rarer  and  cover  a  smaller  area.  This  region  corresponds 
with  our  division  No.  1  a. 

c.  The  more  or  less  level  table  lands,  with  rich  soil,  once  covered 
with  heavy  forests  of  oaks,  poplars,  and  beech,  like  the  rich  lands  be- 
tween the  pine  hills  and  bluffs  bordering  the  Yazoo  Delta,  in  central 
Mississippi.    These  are  the  table  lands  No.  4  b  above. 
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(f.  Of  a  similar  character,  bat  somewhat  less  heavy,  is  the  tree  growth 
npon  the  lands  in  central  Alabama  and  eastern  Mississippi,  of  the  Cre- 
taceous plain,  corresponding  to  our  subdivision  No.  5  a,  or  the  black 
prairie  region.  This  region  is  now  almost  denuded  of  its  original  for- 
est growth,  as  are  also  the  lands  of  the  preceding  division ;  and  it  is 
only  in  the  bottoms  of  the  larger  streams,  more  or  less  difficult  of  ac- 
cess, that  the  dense  and  heavy  forests  are  still  found  untouched  by  the 
woodman's  ax. 

e.  Prairies  and  grassy  savannas,  more  or  less  wet^  east  of  the  Trin- 
ity River,  and  in  the  coast  plains  of  southeast  Texas  and  southwest 
Loaisiana  and  the  glades  of  Florida.  High  and  dry  ridges  of  live-oak 
scrub,  with  mesquite  bushes,  in  the  prairie  region  of  western  Texas. 
This  division  corresponds  with  No.  2  above. 

/(a).  Region  of  the  long-leaf  pine  {Pinus  australis). 

In  the  coast  plains  of  East  and  West  Florida  the  long-leaf  pine  is  as- 
sociated with  the  Cuban  pine,  and  on  the  most  infertile  and  arid  ridges, 
vith  the  turkey  oak  {Q.  CateshoDi),  Operi  forests,  with  no  undergrowth 
on  the  rolling  lands ;  with  a  dense  smaller  growth  of  evergreens  in 
the  marshy  depressions  and  along  the  streams,  particularly  towards 
the  coast.  These  evergreens  are  Ti-ti  {Clif tenia  ligustrina)^  Magnolia 
glauca^  M,  grandiflara;  various  species  of  Hex,  lllicium  floridanunij 
Vaocininms,  Andromeda^  sweet-leaf  Bumelia,  white  cedar  {Juniperus 
thyoides)j  &c.    This  is  our  division  No.  3  a. 

/(b).  Upper  pine  region  or  region  of  mixed  growth.  On  the  sili- 
ceoos  ridges  of  the  Drift  and  Tertiary,  the  long-leaf  pine  prevails.  In 
the  more  fertile  marly  and  calcareous  lands,  the  upland  oaks  with 
various  other  deciduous-leaved  trees  preponderate  and,  mixed  with 
some  short-leaf  pine  and  spruce  pine  (P.  glabra),  form  dense  and  often 
heavily  timbered  woods.  The  undergrowth  is  mostly  heavy.  This  is 
our  division  No.  3  b. 

^«  Begion  of  the  short-leaf  pine  (P.  mitis).  The  latter  in  eastern 
Texas  often  replaced  by  the  loblolly  pine  (P.  tceda).  Pines  largely  ])re- 
vailing  with  oaks  and  mockemut  and  pignut  hickories  (<7.  tomentosa  tfnd 
C.  glabra).    Undergrowth  mostly  dense.    This  is  No.'4  a. 

i  The  more  or  less  stunted  oak  woods  covering  the  gravelly  and 
s^dy  ridges  on  the  borders  of  the  arid  prairie  region  of  western 
Texaa.  Mostly  black  oak,  post  oak,  and  blue-jack  {Q.  oinerea).  This 
vould  correspond,  in  part  at  least,  to  the  red  loam  region,  No.  6  c. 

B.-D£8CBIPTI0]r  OF  THE  AOSICTTLTTTSAL  SUBDITISIOHS.* 

1.  THE  AI^LUYIAL  BEGION. 

This  region  embraces  some  of  the  most  fertile  lands  of  the  Cotton 
States,  and  the  most  serious  trouble  connected  with  their  cultivation 
vises  from  their  liability  to  be  submerged  at  certain  seasons  of  the  year. 

*Is  tlie  ptvpazaUon  of  this  detcription  I  hmre  mftde  free  nee  of  the  material  ooUeoted  under  the 
vupkot  of  the  Cenana  Office  for  Dr.  Hilgard'a  Beport  on  Cotton  Prodaotion;  but  I  am  under  speoial 
obligitioDa  to  Dr.  B.  H.  Longhbridjce  for  notea  on  the  asriooltnxal  oharaetera  of  Tezaa,  Arkanaaa,  and 
t^  Indian  Natiim. 
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a.  The  alluvial  region  of  the  Mississippi  and  other  large  rivers, — ^Thes 
lands  have  a  dense  growth,  consisting  of  sweetgam,  water,  willow,  re 
and  swamp  chestnat  oaks,  dogwood,  ash,  elm,  maple,  hackberry,  &c. 

These  allavial  lands  constitute  a  nearly  level  plain  intersected  b; 
numberless  bayous.  The  highest  lands  are  nearest  to  the  water-counscf 
whence  they  slope  gently  towards  the  cypress  swamp,  which  commonl 
occupies  the  central  parts  between  two  contiguous  bayous.  Where  th 
alluvial  plain  is  very  wide,  islands  or  low  ridges  of  uplands,  with  chai 
acteristic  oaks  and  short-leaf  pine,  break  the  monotony  of  the  othei 
wise  level  plain.  Crowley's  Eidge  in  Arkansas  may  be  cited  as  an  ei 
ample. 

The  typical  bottom  soil  is  the  so-called  '^buckshot  clay,"  named  froi 
the  circumstance  that  in  drying  it  breaks  up  into  small  fragments  aboc 
the  size  of  buckshot.  This  soil  appears  to  be  the  sediment  which  form 
the  ancient  river  plain,  and  it  is  most  profusely  fertile. 

Near  the  larger  streams  the  soil  is  more  sandy,  and  this  sandine^ 
decreases  towards  the  cypress  swamps,  which  in  general  have  a  heav^ 
clayey  soil,  somewhat  like  the  buckshot  soil,  but  which,  from  liabilit 
to  overflow,  are  very  little  in  cultivation. 

The  cultivation  of  these  bottom  lands  is  mostly  confined  to  the  narro 
strip  usually  above  overflow,  lying  contiguous  to  the  streams,  and  calle 
the/r<mttoiu2.  The  haokland  intervening  between  this  and  the  cypres 
swamp  is  sometimes  also  in  cultivation,  but  is  rather  liable  to  overflow 

The  quality  of  the  soils  varies  between  wide  limits,  the  buckshot  so 
representing  the  one  extreme,  while  light,  siliceous,  sUty  soils  represei 
the  other. 

b.  The  niarsh  lands. — ^These  are  usually  devoid  of  large  trees,  be 
are  occupied  by  rushes  and  sedges.  They  are  comparatively  little  i 
cultivation  and  need  not  be  further  described. 

2.  THE  LOWER  PRAIRIE  REGION. 

Under  this  heading  are  included,  besides  the  lower  prairies  of  Loi 
isiftna  and  Texas,  the  savanna  and  prairie  lands  of  Florida,  and  tli 
llano  estacado  and  gypsum  lands  of  Texas  and  the  Indian  Natioi 
Thbse  latter  have  very  little  in  common  with  the  preceding  except  tfa 
absence  or  great  scarcity  of  timber. 

With  the  exception  of  the  coast  prairies,  they  are  of  no  importanc 
in  the  cultivation  of  cotton,  and  require  no  special  notice. 

a.  The  central  and  coast  prairies. — In  Louisiana  these  are  of  threefol 
character — black  calcareous  prairies,  brown  loam  prairies,  and  gra 
silt  prairies.  In  Texas  the  coast  prairies  are  chiefly  of  the  first  sor 
but  in  the  eastern  part  of  the  State  there  are  also  some  of  the  gray  si 
or  pine  prairies. 

In  these  prairies  the  soil  varies  from  a  black,  calcareous  loam  to  a  fln< 
light- colored  silt.    They  are  usually  nearly  level  and  devoid  of  treei 
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exoept  an  occasional  motte  of  live-oak,  and  in  the  Hilt  prairies  a  few 
long-leaf  pines. 

In  fertility  the  soUs  vary  greatly,  the  black  prairie  being  quite  fer- 
tile; the  others  are  less  so,  but  none  are  very  extensively  cultivated. 
The  whole  region  is  thinly  settled. 

The  soils  are  derived  from  the  clays  and  other  sediments  of  the  Port 
HndsoD  group,  which  also  yield  the  soils  of  the  alluvial  region  of  the 
rivers  above  mentioned. 

The  silt  prairies  are  usually  ill-drained  and  little  cultivated. 

A  strip  of  this  kind  of  land  lies  between  the  Arkansas  and  White 
Birers,  in  the  State  of  Arkansas. 

b.  Savannas  and  prairies  of  Florida. — ^These  are  treeless  regions,  low- 
lying  and  nearly  level.  The  prairies  are  clothed  with  a  carpet  of  grass 
ftod  make  the  best  pasture  lands ;  the  savannas  are  usually  covered 
daring  a  great  part  of  the  year  with  water,  and  present  the  appearance 
of  grassy  lakes.  The  Florida  everglades  consist  of  a  labyrinth  of 
marshes  and  savannas,  intersected  by  extensive  lagoons  and  lakes. 

None  of  these  are  of  importance  in  cotton  cultivation,  except  that 
npon  some  of  the  prairies  the  sea-island  or  long-staple  cotton  is  produced 
to  a  limited  extent. 

c  The  gypsum  lands  and  staked  plain  of  Texas  and  the  Indian  Nation. — 
The  gypsum  lands  are  slightly  rolling,  with  red  loam  soils,  and  are 
almost  destitute  of  timber.  The  plain  is  interspersed  with  hills  in  which 
heavy  beds  of  red  clay  and  gypsum  appear. 

The  Uano  estaeado  and  table  lands  of  Texas  are  in  all  probability  of 
Cretaceous  age,  since  the  Botten  limestone  with  its  characteristic  fossils 
appears  in  the  deep  canons  of  the  south.  This  plain  is  very  nearly  level, 
devoid  of  trees,  and  almost  of  water  and  grass,  with  some  prominent 
sand  hills  or  dunes  along  the  north  of  the  region,  and  also  on  the  east 
of  the  Pecos  River. 

In  addition  to  the  above,  the  western  portion  of  the  red  loam  region  of 
Arkansas,  Indian  Territory,  and  Texas,  which  rests  upon  the  Carboni- 
ferous formation,  assnmes  the  characters  of  a  prairie.  See  further  under 
"Bed  loam  region  (6)." 

3.  THE  LONG-LEAF  PINE  REGION. 

This  division  occupies  a  belt  of  width  varying  from  75  to  150  miles, 
and  extending  from  eastern  Texas  to  Virginia  along  the  Gulf  and 
Atlantic  coasts. 

Its  two  most  prominent  subdivisions  are  based  upon  the  proportions 
^sting  between  the  long -leaf  pine  and  the  upland  oaks  among  the  ''.im 
W  trees.    These  subdivisions  are — 

a.  The  long-leaf  pine  hills  and  flats; 

b.  The  oak  and  hickory  uplands  with  long-leaf  pine; 

c  The  hammocks  of  Florida,  shell  prairies,  lime  hills,  and  red  lime 
lands  of  Mississippi,  Alabama,  and  Florida. 
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Of  these,  the  first  occapies  the  region  nearer  the  coast,  the  second 
forming  a  sort  of  transition  to  the  oak  uplands  of  the  Paleozoic  fonna- 
tions,  while  the  third  appears  in  detached  bodies  in  the  long-leaf  pine 
region. 

a.  Long-leaf  pine  hills  and  flats. — As  is  indicated  hy  the  name,  the  long- 
leaf  pine  forms  the  prevailing,  and  in  places  the  exclusive,  timber  over 
this  whole  region.  It  is  associated  with  black-jack  and  post  oaks  and 
occasionally  with  the  short-leaf  pine,  which  makes  its  appearance  wher- 
ever there  is  a  slight  improvement  in  the  quality  of  the  soil. 

In  the  vicinity  of  the  coasts  the  surface  is  nearly  level,  or  at  mosi 
gently  undulating,  rising  northward  and  inland  into  a  somewhat  bro- 
ken and  hilly  country  upon  which  the  pine  is  always  the  characteristic 
growth.    Along  the  coasts  the  Cuban  pine  also  is  common. 

The  soil  is  mostly  a  very  light  sandy  loam  of  little  fertility  or  dura- 
bility. The  cultivated  lands  are  generally  confined  to  the  creek  bottoma 
and  other  low-lying  lands,  though  some  of  the  uplands,  especially  where 
there  is  a  mixture  of  the  upland  oaks  and  hickories  among  the  trees,  are 
planted  in  cotton,  and  with  success,  particularly  where  commercial  fer- 
tilizers are  used. 

The  open  pine  woods  support  a  fine  growth  of  nutritious  grasses  and 
leguminous  plants,  and  hence  afibrd  excellent  pastures  for  cattle  and 
sheep. 

These  open  forests  have  very  little  undergrowth  on  the  rolling  lands, 
but  a  dense  growth  of  evergreens  in  the  marshy  depressions,  and  alon^ 
the  streams. 

The  most  common  of  these  shrubs  and  trees  are  mentioned  above,  in 
the  section  treating  of  the  forest  growths. 

b.  Oak  and  hickory  uplaruls  tcith  long-leaf  pine, — The  region  in  which 
the  long-leaf  pine  with  black-jack,  post,  and  high-ground  willow  oaks 
form  the  timber  is  interspersed  with  tracts  more  or  less  extensive,  in 
which  the  other  ppecies  of  upland  oaks  are  associated  with  the  pine, 
and  this  association  becomes  almost  universal  in  the  upper  districts, 
and  has  given  occasion  to  the  recognition  of  this  region  of  mixed  growth 
as  a  distinct  agricultural  subdivision. 

The  surface  is  generally  broken,  and  a  red  or  yellow  loam  forms  the 
top  stratum  of  the  drifted  materials  which,  throughout  the  pine  region, 
have  been  spread  over  the  lower  and  older  rocks. 

The  soils  vary  from  a  tolerably  fertile  loam  of  brown  to  reddish  colors 
in  the  best  uplands  to  a  sandy  light  loam  in  the  poorer  spots,  and 
their  distribution  may  be  partly  explained  by  the  following  consider- 
ations: 

The  Paleozoic  formations  of  the  Cotton  States  are  bordered  towards 
the  coasts  with  a  belt  of  drifted  materials  consisting  of  sand,  pebbles, 
and  a  red  or  brown  loam.  Of  these  materials  the  pebbles  are  mostly 
confined  to  the  vicinity  of  .this  ancient  shore  line,  except  where  they  ap- 


THE   LONG-LEAF   PINE   REGION.  71 

pear  to  have  been  sabseqaently  taken  np  and  redeposited  further  down 
the  oonrses  of  some  of  the  principal  streams. 

The  red  loam  also  appeara  in  greatest  force  and  most  characteris- 
tically  along  the  same  line,  while  the  sands  have  been  spread  mnch 
farther  outward. 

Where  the  red  loam  is  the  surface  material  the  growth  consists  of  the 
upland  oaks  and  short-leaf  pine ;  where  the  sands  prevail  the  long-leaf 
pine  becomes  characteristic,  so  that,  in  general  terms,  the  oak  growth 
follows  the  margin  of  the  older  formations,  while  the  pine  prevails 
farther  outward  toward  the  coasts.* 

As  has  been  said  above,  the  red  loam  is  usually  found  as  the  uppermost 
8tratam  of  the  drifted  materials,  and  where  in  the  drainage  areas  of  the 
streams  this  capping  of  loam  has  been  washed  away  so  as  to  bring  to  the 
sarface  the  underlying  sandier  strata,  the  natural  growth  gives  evi- 
dence of  the  deterioration  of  the  soil  in  the  association  of  the  long-leaf 
pine  with  the  other  timber,  and  in  its  complete  replacement  of  the  other 
trees  in  the  sandiest  localities. 

These  strips  and  patches  of  pine  land  interlace  so  intricately  with 
the  oak  and  hickory  lands  as  to  render  any  accurate  mapping  of  them 
impossible  without  close  and  detailed  surveys. 

c  Hammocks  J  &c. — (1)  Hammocks.  In  the  long-leaf  pine  region  of 
Florida  there  are  patches  of  land  in  which  there  is  a  luxuriant  growth 
of  water,  willow,  white,  live,  and  other  oaks,  hickories,  sweet  gums,  and 
o&er  hard  woods.  Such  areas  are  called  hammocks,  and  they  are  ex- 
tremely fertile,  forming  amongst  the  very  best  of  the  cotton  lands  of 
the  State.  The  hammocks  are  produced  by  the  reaction  of  the  lime- 
stone, wMch  underlies  the  State  of  Florida,  upon  the  sandy  loam  which 
forms  the  soil,  and,  according  to  their  position,  are  called  high  ham- 
mocks, low  hammocks,  and  Gulf  hammocks,  and  their  yield  in  cotton  is 
frequently  as  high  as  a  bale  to  the  acre. 

The  sea  island  or  long  staple  variety  is  almost  exclusively  produced 
upon  the  hammock  lands,  except  in  the  red  clay  hammocks  (as  they  are 
called)  of  the  upper  part  of  the  State,  around  Tallahassee  and  other  lo- 
calities. These  hammocks  are,  however,  about  the  same  as  the  mixed 
oak  and  hickory  and  pine  lands  above  mentioned. 

(2)  Shell  Prairies,  Lime  Hills,  and  Bed  Lime  Lands  of  Mississippi, 
Alabama,  and  Northern  Florida.  The  Tertiary  rocks  of  these  States 
in  places  react  upon  the  overlying  loams  in  such  a  way  as  to  produce 
highly  fertile  calcareous  lands,  usually  of  rather  limited  extent,  and  in 
detached  bodies  among  the  prevailing  pine  lands.  In  some  countries 
these  form  the  best  of  the  cotton  lands. 


*  la  Alftbama,  Gvorgia,  Soathand  Korth  Cftrolinathe  hilly  belt  (with  Mnd  and  pebbles),  which  bor- 
4en  th«  older  fonnations,  hM  occasionally  a  preponderance  of  long-leaf  pine  among  the  timber  treee, 
tboQ{h  the  pines  are  here  in  place*  associated  with,  and  even  replaeedbf  ,  the  oak  and  hickory  growth 
^the  better  elaaa  of  uplands. 
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4.  THE  OAK  UPLANDS  REGION. 

This  subdivision  includes  some  of  the  best  cotton  lands  in  Texas,  Lioa- 
isiana,  Arkansas,  Mississippi,  and  Alabama.  The  top  soil  is  a  brown  or 
reddish  loam  which  overlies  the  sands  and  pebbles  of  the  Drift,  as  above 
mentioned,  under  the  long-leaf  pine  region. 

The  underlying,  older  rocks  throughout  nearly  the  whole  of  this  re- 
gion are  the  Lower  Tertiary  beds,  which  are  chiefly  lignitic,  sandy  clays. 
In  their  mode  of  origin  it  will  be  seen  that  these  soils  are  entirely  sim- 
ilar to  those  of  the  better  class  of  long-leaf  pine  uplands  of  the  States 
further  east.  The  absence  of  the  long-leaf  pine  is  one  of  the  chief  dis- 
tinctions between  the  two. 

In  respect  of  fertility  and  general  agricultural  value,  two  subdivision^ 
may  be  recognized,  viz : 

a.  The  yellow  loam  uplands,  or  oak  and  hickory  land  with  short-lea:^ 
pine. 

b.  The  table  lands  of  Mississippi  and  Tennessee,  and  the  Cane  Hills  oxr 
Bluff  region. 

a.  The  yellow  loam  region. — Under  this  head  is  included  that  great> 
body  of  oak  and  hickory  uplands  associated  with  the  short-leaf  pine,  ex- 
tending from  Texas  to  Alabama. 

The  face  of  the  country  is  broken,  except  on  the  watersheds,  as  is 
always  the  case  where  the  red  loam  forms  the  surface  over  beds  of 
Stratified  Drift. 

The  soils  of  the  better  class  of  these  uplands  are  yellowish  or  brown- 
ish loams,  varying  in  thickness  from  a  few  inches  to  as  many  feet,  and 
underlaid  by  the  sands  and  other  beds  of  the  Drift.  On  the  i>oorer 
uplands  the  stratum  of  loam  is  very  thin,  sometimes  almost  entirely 
absent,  and  the  underlying  drift  sands  or  other  materials  then  form  the 
soil.  Between  these  two  extremes  there  are  all  the  gradations,  and  the 
different  qualities  of  soil  are  so  intricately  interspersed  as  to  render  it 
impossible  to  lay  them  down  with  precision.  The  general  remarks 
above  given,  under  the  long-leaf  pine  region,  will  apply  equally  well 
here,  to  show  the  principles  which  govern  their  relative  distribution. 

b.  Tahle  Lands  and  Cajie  Hills. — (1)  The  table  lands.  These  occupy 
a  strip  of  20  to  30  miles  width,  lying  adjacent  to  the  bluff  of  the  river 
in  North  Mississippi  and  across  West  Tennessee,  and,  as  the  name 
shows,  form  in  the  main  a  level  table  land,  except  where  the  streams 
have  cut  their  channels.  The  soil  is  a  brown  loam  of  great  fertility, 
and  specially  suited  to  cotton.  The  timber  consists  of  oaks  and  hicko- 
ries, and  of  the  former  the  post,  red,  and  black  oaks  are  the  most 
abundant.  In  the  more  clayey  belts  these  are  accompanied  by  the 
black-jack,  and,  on  the  lighter  soils,  by  the  Spanish  oak. 

In  quality  the  table-land  soils  show  a  gradation  into  the  preceding 
class. 

The  table  lands  of  North  Mississippi  have  long  beea  noted  foi*  their 
fertility,  but  there  is  the  serious  objection  to  them  that  they  are  so 
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easfly  injured  by  washes,  which  carry  away  the  top  soil,  and  frequently 
leave  bare  the  rather  sterile  sands  and  other  materials  of  the  underly- 
ing Drift. 

(2)  The  cane  hills.  This  includes  a  narrow  strip  of  lands,  averaging 
perhaps  15  miles  in  width,  lying  immediately  adjacent  to  the  bluff  of  the 
Mississippi  River,  being  best  developed  and  most  continuous  on  the 
eastern  side  of  that  river  in  Louisiana,  Mississippi,  and  Tennessee. 

The  surface  is  generally  hilly  and  broken,  and  its  timber  consists  of 
water,  willow,  swamp  chestnut  oaks,  hickories,  beech,  magnolia,  locust, 
tulip  tree,  and  originally  a  dense  undergrowth  of  cane,  which  has  since 
mostly  disappeared. 

The  soil  is  a  fertile  brown  loam,  4  to  7  feet  in  depth,  resting  on  a  fine 
calcareous  silt  of  the  Bluff  or  Loess  formation. 

There  is  in  this  region  also  a  great  liability  to  injury  from  washes, 
and  many  farms  have  thus  been  ruined. 

5.  THE  UPPEB  PBAIBIE  BE0ION. 

This  region  has  been  subdivided  into  two,  viz : . 

a.  The  black  prairie  lands,  and 

b.  The  blue  marl  lands  and  hill  prairies. 

Within  the  area  herein  included  there  are  many  varieties  of  soil,  from 
the  poorest  sandy  ridges  to  the  richest  black  calcareous  loams,  and  the 
names  have  been  chosen  which  apply  to  the  most  characteristic  soil 
varieties. 

a.  Black  prairie  lands. — East  of  the  Mississippi  this  region  is  com- 
prised in  a  belt  extending  from  the  eastern  edge  of  Alabama,  nearly 
westward  through  that  State,  and  northwest  through  Mississippi,  and 
north  through  Tennessee.  In  Alabama  the  width  of  the  belt  is  20  to  30 
miles,  but  in  Tennessee  it  narrows  down  considerably.  This  region  oc- 
cupies a  depression  between  hilly  lands  with  oaks  and  pines,  and  its  sur- 
face is  comparatively  level,  with  here  and  there  small  hills  and  ridges 
capped  with  sand  and  loam,  the  remnants  of  a  covering  of  Drift  which 
probably  once  covered  the  entire  region,  but  which  has  subsequently 
been  almost  entirely  removed  by  denudation. 

The  underlying  rock  throughout  the  whole  region  is  an  impure  lime- 
stoue  (Bott^n  Limestone),  the  disintegration  of  which  has  given  rise  to 
the  peculiar  soils  of  this  region. 

The  typical  black  prairie  soil  is  a  stiff  calcareous  clay  of  grayish  to 
yellowish  color  when  uncultivated,  but  of  dark  to  nearly  black  color 
vhea  mixed  with  vegetable  matter  in  cultivation. 

In  the  vicinity  of  the  ridges  and  hills  of  Drift  above  alluded  to,  the 
^Bds  and  loam  of  this  latter  formation  are  more  or  less  mingled  with 
the  calcareous  clays,  and  there  result  mixed  soils  of  varying  degrees  of 
fertility  and  of  different  physical  qualities.  One  of  these  mixed  soils 
is  known  as  the  post-oak  soil.  It  is  a  stiff'  loam  of  reddish  to  yellow 
color  supporting  a  growth  in  which  the  post  oak  is  prominent. 
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Upon  the  ridges  are  the  nsaal  upland  soils  similar  to  those  of  the 
oak  uplands  elsewhere. 

The  original  growth  upon  the  black  prairie  lands  consisted  of  oaka^ 
poplar,  beech,  &c.,  of  magnificent  proportions,  but  very  little  of  thii» 
growth  now  remains  standing. 

In  Alabama  this  is  known  as  the  '^  Ganebrake,"  and  the  ^'  Black  Belt,- 
and  the  ^'  Cotton  Belt,"  from  the  facts  that  a  dense  undergrowth 
cane  once  covered  the  land,  and  that  it  is  pre-eminently  the  cotton-pix^- 
ducing  region  of  the  State.  This  may  be  seen  from  the  percentage  ma^' 
accompanying  this  article. 

West  of  the  Mississippi  Kiver  this  division  has  an  extensive  devcL  — 
opment  in  Texas,  where  its  soils  are  black,  wax-like  clays,  similar 
those  already  described,  and  derived  from  the  Rotten  Limestone, 
these,  beds  of  Drift  are  nowhere  to  be  seen  except  in  the  »*  Gross  Tim.— - 
bers."    (Loughridge.) 

The  Cross  Timbers  thus  appear  to  be  the  analogues  of  the  Drifl:^ 
ridges  which  traverse  the  prairie  region  in  the  eastern  States  of  the  cot^ 
ton  region. 

In  the  Indian  Natibn  black  prairie  lands  entirely  similar  to  those  o€ 
Texas  are  seen  in  the  southern  portion,  coming  to  an  end  near  the  line 
of  Arkansas. 

In  the  latter  State  small  areas  of  black  Cretaceous  prairies  occupy 
the  lowlands  in  the  southwest,  while  the  ridges  between  the  streams 
and  between  the  prairie  tracts  are  short-leaf  pine  uplands,  with  oak 
and  hickory. 

A  characteristic  growth  of  the  northeastern  part  of  this  great  west- 
ern Cretaceous  belt,  in  Texas,  Arkansas,  and  the  Indian  Nation,  is  the 
Bois  d'Arc,  or  Osage  Orange.  In  the  States  east  of  the  Mississippi 
Eiver  the  patches  of  open,  treeless  prairie  are  of  less  superficial  extent 
than  the  wooded  tracts. 

As  in  the  States  east  of  the  Mississippi,  the  western  lands  of  this 
character  are  largely  cultivated  in  cotton. 

b.  Blue  marl  lands  and  hill  prairies. — In  Mississippi  and  Alabama 
the  southern  and  western  borders  of  the  prairie  lands  are  firequently 
made  by  a  hard,  yellowish  limestone  which  gives  rise  to  a  broken  and 
ridgy  country,  the  summits  of  the  ridges  possessmg  soils  of  the  usual 
sandy  upland  type,  while  the  hillsides  and  lowlands,  by  the  reaction  of 
the  decaying  limestone  on  the  loams,  have  often  stiff  clayey  soils,  much 
like  those  of  the  post-oak  prairies. 

From  their  position  and  topography  these  are  known  as  hill  prairies. 
Limited  areas  with  loamy  soils  of  deep  red  color,  and  full  of  pebbles  of 
brown  iron  ore,  occur  along  this  outer  margin  of  the  Cretaceous  belt 
both  in  Mississippi  and  in  Alabama. 

Still  another  t^^^e  of  soils  prevails  in  a  few  places  in  Mississippi  and 
in  the  eastern  portion  of  the  Cretaceous  belt  in  Alabama.    These  are 
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the  blae  marl  lands,  derived  from  a  blue  marl  \^  ijich  lies  near  the  top 
of  the  Cretaceous  series. 

The  timber  upon  these  blae  marl  lands  is  a  curious  mixture  of  gums, 
bottom  oaks,  and  long- leaf  pines,  all  draped  with  the  long  moss.  A  large 
body  of  this  kind  of  land  is  met  with  in  eastern  Alabama,  where  it  is 
well  known  for  the  fine  cotton  crops  which  it  produces. 

6.  THE  BED  AND  BROWN  LOAM  RBOION, 

(Based  on  the  older  limestone  formations.) 

These  lands  are  of  two  kinds,  viz: 

a.  The  red  and  brown  calcareous  loams,  occurring  east  of  the  Mis- 
sissippi Biver,  in  the  basin  of  Tennessee,  and  in  the  valleys  of  East 
Tennessee,  northwestern  Georgia,  and  northeastern  Alabama,  and  de- 
rived from  the  limestones  of  the  Silurian  and  Subcarboniferous  forma- 
tions; and 

b.  The  red  loam  uplands  and  prairies  of  Arkansas  and  the  Indian 
Nation,  based  upon  the  red  shales  of  the  Goal-measures,  and  the  red  loam 
lands  of  Texas,  which  are  derived  from  red  sandstones  and  clays,  partly 
of  Triassic  age  and  partly  of  undetermined  age. 

a.  Red  and  braum  loam  lands  east  of  the  Mississippi. — (1)  The  Basin  of 
Uiddle  Tennessee  is  an  elliptical  basin  of  some  5,000  square  miles  area, 
nnderlaid  by  the  limestones  of  the  Lower  Silurian  age.  The  surface  of 
the  basin  is  moderately  undulating,  or  rolling;  it  was  once  heavily  tim- 
bered with  oaks,  walnuts,  hickories,  &c.,  which  have  been  in  great 
measare  removed  and  the  land  brought  under  cultivation. 

The  occurrence  of  cedar  glades  is  a  characteristic  sur&ce  feature  of 
the  basin.  These  are  rocky  places,  generally  flat,  and  more  or  less 
covered  with  red  cedar.    (Saflford.) 

The  soils  of  this  basin  are  derived  from  the  disintegration  of  lime- 
stones of  different  grades  of  purity,  and  hence  vary  considerably  in  qual- 
ity. The  two  principal  varieties  are  those  derived  from  the  Trenton, 
and  from  the  Nashville  or  Hudson  Kiver  formations,  respectively.  The 
former  are,  as  a  rule,  more  clayey,  the  latter  more  siliceous. 

These  lands  are  fertile  and  well  adapted  to  the  cultivation  of  com, 
cotton,  tobacco,  &c.  As  will  be  seen  from  the  percentage  map,  a  large 
proportion  of  this  area  is  devoted  to  cotton. 

(2)  The  Valley  of  East  Tennessee,  and  its  continuation  through  North- 
west Georgia  into  the  Goosa  Valley  of  Alabama,  is  a  complex  trough 
composed  of  a  number  of  subordinated  valleys  separated  by  ridges, 
having,  like  the  valleys,  a  general  northeast  and  southwest  direction. 
The  soils  of  these  valleys,  as  they  are  derived  from  the  rocks  of  several 
different  formations,  v  %ry  considerably.  The  one  extreme  is  a  stiff  clayey 
loam  of  deep  red  color,  found  in  greatest  abundance  along  the  south- 
eastern edge  of  the  valley.    This  is  the  best  of  the  soils. 

On  the  other  extreme  are  light  sandy  loams  of  grayish  to  buff  colors. 
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The  ridges  which  divide  the  complex  trough  are  composed  of  the  chert 
of  the  limestones,  and  have  siliceoas  soils,  and  are  therefore  more  par- 
ticularly spoken  of  under  the  next  head.  In  the  narrow  anticlinal  val- 
leys which  run  parallel  to  the  Coosa  Valley,  in  Alabama,  the  brown  and 
red  loam  soils  are  of  the  same  character  as  those  just  mentioned.  Along 
the  edges  of  these  valleys,  on  each  side,  there  is  usually  a  narrow  strip 
with  yellowish  loamy  soil  based  upon  the  limestones  of  the  Subcarbon- 
iferous  formation.  These  belts  are  generally  in  cultivation,  and  yield 
good  crops  when  properly  cultivated. 

In  Alabama  the  Coosa  Valley  is  largely  planted  in  cotton,  but  in  Ten- 
nessee its  continuation  (VaUey  of  East  Tennessee)  is  devoted  less  to 
cotton  and  more  to  grain  crops. 

These  valley  lands  are  not  level,  but  are  rolling  and  ridgy,  and  th^ 
timber  growth  upon  them  is  quite  varied. 

On  some  of  the  rich  red  lands  large  white,  red,  and  Spanish  oaks, 
hickories,  sweet  and  sour  gums  prevail. 

Along  the  flinty  ridges  and  at  their  bases  where  the  soils  are  more 
sandy  and  less  fertile,  post  and  black  jack  oaks  and  short-leaf  pine  be- 
come characteristic,  and  in  some  portions  of  Alabama  the  long-leaf  pine 
is  of  constant  occurrence,  not  only  on  the  ridges,  but  also  on  the  rolling 
lands  underlaid  by  the  siliceous  limestones.  Such  is  particularly  the 
case  in  the  vicinity  of  the  Coosa  Biver. 

(3)  Tennessee  Valley  in  North  Alabama.  This  diTision,  like  the 
Basin  of  Tennessee,  rest&  on  limestones,  which,  however,  belong  to  the 
Subcarboniferous  formation.  The  surface  is  slightly  undulating,  with 
low,  rocky  knolls  timbered  with  post  and  other  oaks,  the  remnants  of 
a  once  universal  forest  of  oaks  and  hickories.  The  greater  part  of  this 
valley  is  cleared  and  under  cultivation,  the  exceptions  being  the  flinty, 
rocky  knolls  above  mentioned,  and  glady  places  covered  with  red 
cedar.  ' 

The  prevailing  soil  is  a  rather  stiff  loam  tt  red  to  brown  color,  and  it 
is  highly  fertile  in  its  virgin  state. 

Notwithstanding  the  high  latitude  of  the  Tennessee  Valley,  a  large 
percentage  of  its  area  is  devoted  to  the  culture  of  cotton,  as  may  be 
seen  from  the  map. 

b.  Bed  loam  lands  west  of  the  Mississippi. — (1)  Red  loam  uplands  and 
prairies  of  Arkansas.  These  lands,  as  already  stated,  are  based  upon 
the  shales  of  the  Coal-measures.  The  uplands  are  rolling  or  hilly,  and 
are  timbered  with  a  fine  growth  of  red,  scarlet,  black,  yellow,  chestnut, 
and  laurel  oaks,  sweet  and  black  gums,  wild  cherry,  shell-bark  hickory, 
and  other  species.    ( Lesquereux. ) 

The  red  upland  soils  are  considered  the  most  fertile  of  those  occur- 
ring in  the  western  part  of  the  State.  Where  the  land  is  level  or  flat, 
prairies  are  found,  which,  when  the  soil  is  close  'and  clayey,  are  badly 
drained  and  marshy  and  not  in  cultivation,  though  they  make  excellent 
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pastures.  In  some  oases  where  the  soil  is  looser  these  prairies  are  to  a 
slight  extent  cnltivated  and  produce  excellent  crops. 

Throagh  the  region  of  the  red  uplands  ran  ridges  of  sandstone,  the 
soils  of  which  are  best  considered  under  the  next  head. 

The  red  loam  lands  pass  throagh  the  Indian  l^ation  also,  where  they 
present  substantially  the  same  features  as  in  Arkansas. 

(2)  In  Texas  the  red  loam  prairies  and  timbers  overlie  the  older  forma- 
tions almost  entirely;  the  timbered  hills  on  the  eastern  part  are  capped 
with  what  are  supposed  to  be  Triassic  sandstones.  (Ijoughridge.)  The 
timber  on  these  hills  is  mostly  post  oak  and  blackjack.  The  valleys 
are  largely  prairie,  with  mesquite  timber  growth,  and  with  soils  vary- 
ing from  a  red  sandy  loam  on  the  uplands  to  a  darker  loam  on  the  flats, 
sometimes  quite  clayey.  The  western  part  of  tbis  region  is  prairie,  with 
rod  loam  soils,  derived  presumably  from  the  red  clays  that  ap])ear  in 
the  blii£b  and  hillsides  of  this  and  the  gypsum  region.  Their  geological 
age  is  undetermined.    (Loughridge.) 

7.  THE  SAia)Y  AND   SILICEOUS  LANDS  OF  THE  OLDEB  FOBMATIONS. 

These  comprise— 

a.  The  cherty  lands  derived  from  the  impure  siliceous  limestones  of 
the  Snbcarboniferous  and  Silurian  formations ; 

b.  The  sandy,  sometimes  loamy,  soils  resting  upon  the  rocks  of  the 
Ooal-measures,  especially  in  the  States  east  of  the  Mississippi  Biver ; 
and 

0.  The  sandy  prairie  lands  of  the  Indian  Territory,  which  also  rest 
upon  the  sandstones  of  the  Goal-measures. 

a.  Cherty  lands. — In  East  Tennessee,  Northwest  Georgia,  and  North- 
east Alabama  the  cherty  limestones  of  the  Lower  Silurian  and  Sub- 
carboniferons  formations,  in  their  decay,  give  rise  to  soils  which  may  be 
described  as  light,  rather  sandy  loams,  of  yellowish  or  buff  colors,  and 
which  are  usually  filled  with  angular  fragments  of  the  chert.  In  this 
tegion  the  strata  are,  as  a  rule,  thrown  into  folds,  and  the  soils  in 
question  are  found  in  narrow  strips  or  ribbons,  which  have  the  prevail- 
ing direction  of  northeast  and  southwest.  On  account  of  the  compar- 
atively indestructible  nature  of  the  materials  (silicepus  limestones)  from 
which  the  soils  are  derived,  they  are  also  commonly  found  in  ridges, 
the  valleys  between  being  occupied  by  the  red  and  brown  loams  of  the 
liiQestones  mentioned  in  the  preceding  section. 

In  fertility  these  ridge  soils  vary  greatly.  Notwithstanding  the  un- 
promising appearance  of  the  soil,  because  of  the  rocks  which  fill  it,  it  is 
often  of  considerable  fertility,  and  usually  supports  a  fine  growth  of 
white,  black,  red,  black-jack,  and  post  oaks,  hickories,  and  short-leaf 
pbes,  the  latter  making  their  appearance  where  the  soil  is  more  sandy. 
The  growth  on  the  cherty  ridges  of  both  Silurian  and  Snbcarboniferous 
formations  seems  to  be  substantially  the  same,  except  that  in  some  lo- 
calities tiie  ridges  of  the  former  appear  to  be  more  sterile  and  have  a 
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larger  proportion  of  pines;  and  in  some  parts  of  the  Coosa  Valley,  ii 
Alabama,  they  are  occasionally  timbered  with  long-leaf  pines  and  black 
jack  oaks  almost  exclusively. 

In  the  Valley  of  the  Tennessee,  in  North  Alabama,  and  around  th( 
margin  of  the  limestone  basin  of  Middle  Tennessee,  the  cherty  Subcai 
bouiferous  limestones  lie  nearly  horizontal,  and  they  thus  come  to  b 
the  substratum  of  wide  areas,  which  in  these  States  are  known  as  ^^bar 
reHf,"  from  the  comparative  iufertilityof  the  soil,  as  compared  with  tha 
of  the  adjoining  limestone  lands.  These  barren  soils  are  usually  thii 
and  deficient  in  lime,  and  have  a  high  percentage  of  siliceous  matter. 

The  timber  consists  of  oaks,  often  shrubby  and  stunted,  small  hick 
ories,  dogwood,  &c.,  in  the  lower  latitudes,  mixed  with  short-leaf  pines 
The  oaks  are  of  several  species,  but  the  post  oak  and  black-jack  appea 
to  be  the  most  common. 

These  lands  are  very  sparingly  cultivated  in  cotton,  and  hence  nee< 
no  special  mention  beyond  what  has  been  given. 

In  their  topography,  the  barrens  are  in  contrast  to  the  red  loam  landi 
which  are  adjacent  to  them.  The  hard,  flinty,  indestructible  chert  i 
worn  into  rough,  precipitous  hills  wherever  the  somewhat  level  watei 
sheds  break  off  towards  the  streams. 

West  of  the  Mississippi,  the  same  formations  produce  similar  soils  anc 
topography  in  northern  Arkansa-s,  where  the  cherty  ridges  are  clothe( 
chiefly  with  mock  ernu  t  hickory  and  post  and  black-jack  oaks.  With  thes( 
are  associated,  in  those  localities  where  the  soil  is  more  sandy,  the  yel 
low  or  short-leaf  pine  (P.  t(Bda).  Along  the  declivities  appear  the  white 
red,  and  black  oaks.  Upon  these  formations  in  northern  Arkansas  al8< 
occur  prairies  of  limited  extent,  surrounded  with  a  growth  of  small  treea 
These  prairies,  which  are  not  always  of  flat  surface,  are  found  along  th( 
gentle  slopes  or  in  the  coves  between  the  ridges. 

The  bottom  lands  derived  from  these  cherty  limestones  are  generally 
highly  productive. 

b.  SandMtone  ioili. — ^The  other  class  of  siliceous  soils  is  derived  fron 
the  sandstones  and  grits  of  the  Goal-measures.  In  general  they  are  o 
only  medium  fertility,  and  are  of  comparatively  little  importance  in  th< 
cultivation  of  cotton.  Lately,  however,  in  some  of  the  eastern  Oottoi 
States,  it  has  been  found  that  with  the  use  of  commercial  fertilizer! 
very  fair  cotton  crops  may  be  produced  upon  these  soils,  which  have  ii 
general  a  subsoil  of  yellowish  loam,  which  is  moderately  imj^rvioas  am 
holds  well  the  fertilizers  that  may  be  applied  to  the  land. 

In  Alabama  and  Bast  Tennessee  a  large  area  is  underlaid  by  the  Coal 
measures,  and  the  table  lands  or  plateaus  of  a  part  of  this  area  are  ad 
mirably  situated  and  will  doubtless  some  day  be  more  generally  culti 
vated  than  is  now  the  case. 

The  best  of  these  soils  are  light-colored  loams,  with  yellowish  or  red 
dish  subsoils.  These  are  capable  of  improvement  and  successful  cult 
ure.    The  gray  soils  with  light-colored  to  whitish  subsoils,  deficient  u 
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dajey  matter,  are  too  i>oroa8  for  profitable  cultivation,  and  do  not  re- 
tain the  fertilizers  that  may  be  applied  to  them. 

The  greater  part  of  the  soils  of  the  Goal-measnres  are  sandy  and 
rather  deficient  in  vegetable  matter  and  in  lime.  In  topography  this 
region  is  varied.  On  the  table  lands  of  Tennessee  and  Nortli  Alabama 
the  surface  is  slightly  rolling,  sloping  off  gradually  to  the  water-courses. 
In  the  aptumed  fields  of  the  Coosa,  Gahaba,  and  part  of  the  Warrior 
Basins  in  Alabama,  the  alternation  of  harder  and  softer  strata  gives 
rise  to  some  of  the  most  rugged  topography  to  be  seen  in  the  State. 

The  timber  consists  chiefly  of  the  upland  oaks,  and,  in  some  of  the 
lower  latitudes,  short-leaf  pine.    In  some  parts  of  Alabama  areas  of 
considerable  extent  with  a  prevaUing  timber  of  long-leaf  pine  are  known. 
In  Arkansas,  it  has  already  been  seen  that  the  chief  soil  of  the  Coal- 
measures  is  a  red  loam  derived  from  the  shales,  but  the  red  uplands 
are  traversed  by  ridges  capped  with  sandstones,  or  millstone  grit.    The 
soils  on  these  ridges  are  thin  and  generally  sterile;  except,  where  the 
ridges  are  broad,  the  soil  becomes  thick  and  is  tolerably  fertile.    The 
characteristic  growth  here  is  much  the  same  as  that  on  the  cherty 
ridges  of  the  Subcarboniferous  formation  above  described,  viz.,  yellow 
pine,  Spanish,  post,  black-jack,  white,  red,  and  black  oaks,  hickory, 
chestnut,  and  chinquapin. 
Agriculturally  this  soil  is  inferior  to  that  of  the  red  loam  uplands, 
c.  Sandy  prairies, — In  the  Indian  Territory,  the  Carboniferous  is 
mostly  a  prairie  region,  interspersed  with  prominent  ridges  of  the  sand- 
stone.   The  soil  is  a  sandy  loam,  brownish  in  color  and  not  very  dura- 
ble or  fertile.    Along  the  rivers  are  timbered  belts  of  quaternary  sands, 
Bometimes  very  deep,  underlaid  by  reddish  clays  and  furnishing  some 
good  lands.    The  river  bottoms  are  the  chief  cultivable  land.    (Lough- 
ridge.) 

8.  THE  ONEISSIO  BEGIGN. 

« 

The  metamorphic  region  of  the  Cotton  States  is  comprised  in  a  belt 
sometimes  150  miles  in  width,  extending  from  central  Alabama  north- 
eastward through  Georgia,  South  Carolina,  and  North  Carolina  into 
Virginia.  By  far  the  greater  part  of  tbe  cultivated  soils  of  this  region 
is  derived  from  gneissic  rocks — under  which  name  we  include  not  only 
the  gneiss  itself,  but  the  kindred  rocks,  not  excepting  granite,  with 
which  tbe  gneiss  is  connected  by  all  gradations. 

This  metamorphic  area  includes  most  of  the  really  mountainous  re- 
gion of  tbe  Cotton  States,  but  the  southeastern  slopes  of  the  mountain 
ranges  are  undulating  and  hilly  rather  than  mountainous.  The  mount- 
ain ranges  are  comi)osed  of  quartzites,  mica  schists,  and  other  indestruc- 
tible rocks,  while  the  gneissic  rocks  are  more  prevalent  along  the  south- 
^tem  border,  which  is  also  the  part  of  this  area  that  is  to  any  con- 
siderable extent  in  cultivation.  Among  the  mountains  the  farms  are 
"mail,  and  cotton  forms  a  small  proportion  only  of  the  cultivated  crop. 

The  typical  gneissic  soil  is  a  gray  soil  of  considerable  fertility,  whose 
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natural  timber  consists  of  the  upland  oaks  with  some  short-leaf  pine; 
along  the  borders  of  the  region  the  long-leaf  pine  also  makes  its  ap 
pearance  wherever  the  sandiness  of  the  soil  increases  beyond  a  certaii 
limit. 

The  true  gneissic  soils  are  perhaps  the  best  for  cotton. 

By  gradual  interchange  of  constituents,  the  gneisses  grade  off  inU 
the  other  rocks  of  this  series,  and  a  corresponding  variation  in  th( 
quality  of  the  soils  is  thas  brought  about. 

By  the  partial  or  complete  replacement  by  the  mineral  hornblende  01 
certain  of  the  constituents  of  the  gneiss  are  produced  the  homblendic 
gneisses  and  homblendic  slates,  which,  in  disintegratiDg,  yield  those 
warm,  red,  loamy  soils,  with  timber  of  magnificent  oaks,  making  perhaps 
a  fourth  or  less  of  the  lands  along  the  outer  border  of  the  region. 

The  red  soils  are  considered  best  suited  to  the  grain  crops,  tbougl 
they  give  fine  yields  of  cotton  also. 

All  the  gneissic  soils  have  a  reddish,  clayey  subsoil,  and  are  capabli 
of  indefinite  improvement. 

Through  Georgia  and  Soath  Carolina  the  gneissic  soils  form  by  fa 
the  larger  proportion  of  the  lands  cultivated  in  cotton,  as  may  be  seei 
from  the  percentage  map  accompanying. 

The  clay  slates,  mica  slates,  and  quartzites  of  the  metamorphic  regioi 
yield  soils  of  inferior  fertility,  and  they  are  of  comparatively  little  im 
portance  in  the  cultivation  of  cotton. 

West  of  the  Mississippi  the  metamorphic  areas  are  of  somewhat  lim- 
ited extent,  and  are  comparatively  unimportant  from  our  standpoint. 


CHAPTER    VII. 


TERBEBTEIAL   AND    METEOEOLOGICAL   DfFLUBNOES 

AFFECTING  THE  WOKM. 

OOSDinON  OF  BOIL  AND  PLANT  OONNEGTED  WITH  THE  APPEABANGK 

OF  THS  FIRST  WORMS. 

HaviDg  seen  that  the  worms  first  appear  in  parts  of  the  sonthem  por. 
tionof  the  cotton  belt  at  a  much  earlier  date  than  previously  sapiK)sedy 
we  will  DOW  briefl J  consider  the  conditions  of  soil  and  of  the  plant  con- 
nected with  this  first  apx>earance.  In  glancing  over  the  reports  on  this 
sabject  in  answer  to  our  questions,  we  find  a  remarkable  unanimity  of 
opinion  corresponding  with  what  has  been  observed  by  ourself  and  as- 
sistants and  with  the  general  experience  collected.  It  is  that  the  earliest 
worms  of  the  season  are  confined  to  fields  on  the  ''  low  lands"  where  the 
plants  are  naturally  more  thrifty  and  more  advanced  than  on  any  other 
8oiL  Low  lands  where  cotton  is  planted  in  Texas  and  Louisiana  comprise 
the  so-called  bottom  lands  of  the  rivers,  and  on  such  lands  the  soil  is 
always  a  very  rich  alluvium  and  never  sandy.  Farther  east,  however^ 
low  lands  are  frequently  sandy  and  the  bottom  formation  of  alluvial 
soil  is  less  common  than  in  Texas  and  Louisiana.  This  holds  especially 
true  of  Florida,  where  the  soil  is  exclusively  sandy,  more  or  less  mixed 
with  decayed  vegetable  matter.  In  the  latter  State  fields  on  '^  hummock 
I^od,"  and  near  the  edges  of  ponds  or  lakes  replace  the  bottom  lands  of 
Texas  and  Louisiana.  The  rule  of  the  first  appearance  on  such  low, 
richy  and  moist  lands  does  not  apply  alone  to  the  extensive  area  of  such 
land  in  the  southern  i>ortion  of  the  belt,  but  also  to  similar  low  places 
in  particular  parts  of  plantations  in  the  whole  cotton-growing  country, 
the  first  worms  on  any  plantation  always  being  noticeable  in  such  low 
spots. 

The  general  rule,  however,  is  not  without  exception,  for  on  the  sea 
islands  off  the  coast  of  Georgia  and  South  Carolina,  where,  in  former 
years,  the  worms  always  appeared  early,  the  soil  in  which  cotton  was  and 
is,  to  a  limited  extent,  still  cultivated,  cannot  bo  called  low  land.  All  low 
parts  on  these  islands  are  occupied  by  marshes,  and  are  unfit  for  culti- 
vation, and  the  soil  of  the  cotton  fields  is  wiiat  is  termed  '^dry  hummock 
land.'*  Again,  Mr.  Schwarz  found  a  very  early  appearance  in  Lavaca 
County,  in  Southern  Texas,  where  the  country  is  several  hundred  feet 
above  the  river  bottoms  in  the  same  latitude,  and  consists  of  open  and 
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rolling  prairies.  The  worms  were  observed  there  in  a  field  situated  od 
top  of  one  of  the  highest  hills,  and  they  have  been  observed  there  at 
similarly  early  dates  in  past  years.  The  soil  is,  however,  of  that  rich, 
black  nature  peculiar  to  one  part  of  the  South  Texan  prairies. 

A  second  circumstance  which,  according  to  the  unanimous  reports  of  < 
planters  and  observers,  appears  to  necessarily  accompany  the  early  ap- 
pearance of  the  worms,  is  that  the  cotton  plants  must  be  in  a  well- 
advanced  and  luxuriant  condition.  The  earliest  worms  are  never  known 
to  appear  in  fields  in  which  the  growth  of  the  plants  has  been  retarded 
from  one  cause  or  another,  as,  for  instance,  late  planting,  the.  attacks. of 
plant-lice,  overfiow,  poor,  exhausted,  or  sandy  soil,  &c. 

A  third  fact  is  worthy  of  mention  in  connection  with  this  early  ap- 
I)earauce,  viz.,  that  in  open  countries,  or  in  countnes  where  the  prevail- 
ing soil  is  low  and  rich,  there  is  almost  always  a  gin-house  or  other  build- 
ing, a  hay-stack  or  some  other  shelter  near  by  where  the  moths  have,  to 
all  appearance,  hibernated.  Of  the  five  localities  in  South  Texas  where 
the  first  worms  were  observed  by  Mr.  Schwarz  in  the  spring  of  1879, 
three  were  in  the  immediate  vicinity  of  gin-houses,  with  no  other  build- 
ing, fence,  or  tree  in  the  neighborhood.  In  the  fourth  a  gin-house  and 
other  buildings,  as  well  as  trees,  were  close  by ;  while  in  the  fifth  (that 
in  Lavaca  County,  already  mentioued)  the  nearest  object  which  could 
have  served  for  the  hibernation  of  the  parent  moth  was  an  open  stable 
about  one  hundred  yards  distant,  but  covered  with  a  thick  thatch  of  hay. 

In  all  cases  observed  or  reported,  the  first  worms  occupy  but  a  limited 
patch  in  the  field,  and  are  not  scattered  over  the  whole  field  or  over 
large  portions  of  a  plantation,  as  is  the  case  with  subsequent  genera- 
tions. The  extent  of  this  patch  seldom  exceeds  two  acres  and  some- 
times does  not  embrace  one-fifth  of  an  acre. 

Still  a  fourth  circumstance  connected  with  the  appearance  of  the  first 
worms  is  noticeable,  and  one  that,  as  we  shall  see  farther  on,  has  much 
importance  from  the  practical  side.  It  is  that  they  recur  year  after  year, 
not  only  in  the  same  counties,  but  also  in  exactly  the  same  spots. 

The  condition  of  the  plant  has  already  been  alluded  to.  In  every 
case  it  was  luxuriant,  advanced,  and  vigorous.  This  condition  of  the 
plant  has  so  much  to  do  with  the  matter  under  consideration  that  there 
must  be  a  cause  for  it,  whether  in  the  greater  attraction  for  the  moth 
possessed  by  such  plants  or  the  greater  facility  with  which  the  eggs 
hatch  or  the  worms  develop  upon  the  same ;  for  when  produced  arti- 
ficially by  the  use  of  manures  and  good  cultivation,  it  may,  and  often 
does,  have  the  same  eflect,  and  counteracts  the  otherwise  unfavorable 
condition  of  soil  and  location. 

As  throwing  light  on  the  subject,  and  as  a  rational  explanation  of  the 
facts,  it  is  well  to  remember  that  the  most  advanced  and  luxuriant  plants 
most  copiously  exude  from  the  secretory  glands  the  sweet  fluid  upon 
which  the  moths  feed  and  by  which,  it  is  fair  to  presume,  they  are  at- 
tracted ;  also  that  the  moths'  fondness  for  shade  and  moisture  is  grati- 
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in  such  low  places  where  the  cotton  is  rank.  These  places  are  also 
JDst  those  where  the  dews  are  heaviest,  and  the  facts  which  follow  render 
it  quite  certain  that  moisture  iaids  both  the  hatching  and  the  develop- 
ment of  tlie  worm.  Another  saggestion  may  here  be  made  that  also 
helps  in  the  explanation ;  the  natural  enemies  of  the  worm,  especially 
the  ants,  are  less  abandant  in  low,  wet  land  than  in  that  which  is  higher 
and  drier.  They  will,  therefore,  be  less  efficient  in  destroying  the  yoang 
vorms,  which  for  this  reason  will  stand  a  better  chance  of  developing 
unchecked. 

INPLUBNOE  op  WET  WEATHEE. 

In  the  foregoing  pages  we  have  seen  that  the  insect,  both  in  its  larva 
and  perfect  states,  has  a  predilection  for  low,  moist  ground,  where  the 
cotton  is  luxuriant.  We  may  safely  infer,  therefore,  that  the  meteorcv 
logical  influences  that  produce  over  large  areas  the  conditions  thus 
described  for  limited  areas  will  prove  favorable  to  the  development  of 
the  worms ;  and,  indeed,  it  is  the  uniform  testimony  and  experience  of 
all  who  have  closely  observed  the  facts  that  wet  weather  is  favorable 
aod  dry  weather  unfavorable  thereto.  This  appears  not  only  from  the 
testimony  of  observers  and  of  correspondents  of  the  Department  and  of 
the  Commission  in  this  country,  but  also  seems  to  be  the  case  in  South 
America.  The  United  States  consul  at  Pemambnco,  for  instance,  says 
'4t  comes  and  disappears  with  the  rain."  A  study  of  the  past  history 
also  reveals  the  same  fact,  and  in  no  instance  more  strikingly  than  in 
the  consideration  of  the  year  1873.  As  indicating  this  in  a  most  forci- 
ble way  we  introduce  again  the  tabulated  statement  of  correspondents 
of  the  Department  showing  the  relative  influence  of  each  cause  of  dam- 
age. Bain  and  worms  go  hand  in  hand. 

Ihrtk  Carolina. — ^BaIds,  ftt>8t,  worms. 
StiOh  Carolina, — Rains,  frost,  worms. 

Gfor^.— Worms,  more  than  all  other  causes  comhined ;  rains,  frost,  dronght,  high 
windi. 
Fkrida, — ^Storms  of  rain,  worms. 
Akhama. — Worms,  rains,  frost. 
Mktiuippi, — ^Worms,  spring  rains,  drought,  frost. 
^woMi.— Worms,  rains,  high  winds. 

root.— Worms,  rains,  drought,  frost,  had  g^ns  and  inexperienced  ginners. 
irirajiu. — ^Rains,  worms,  drought,  frt>st. 
Ibscwee. — Drought,  frost,  rains,  plant-lice,  a  cold  and  wet  spring. 

We  have  not  to  deal  here  with  those  severe  rains,  especially  those 
Moompanied  by  gales  of  wind,  such  as  occur  occasionally  in  the  South, 
specially  during  the  autumnal  equinox,  which  have  been  known  to  kill 
Uie  worms,  beating  them  down  and  sweeping  them  into  windrows  and 
kaps,  such  as  was  the  case  in  Mississippi  in  1825;  in  Matagorda 
Coim^,  Texas,'  in  September,  1875,  and  in  the  Bahamas  in  1866;  for  in. 
Usee  and  similar  cases  the  destruction  of  the  worm  is  always  aooom- 
psnied  by  the  utter  loss  of  the  crop. 


84       REPORT  4|  UNITED   STATES  ENTOMOLOQICAL   COMMISSION. 

Nor  have  we  to  deal  with  the  cold  rains  that  characterize  the  Scathe 
ern  winter,  and  sometimes  occur  as  late  as  the  beginning  of  May.  The 
inflnence  of  this  weather  on  the  hibernating  moth  has  not  been  defi- 
nitely ascertained,  bat  it  is  more  than  probable  that,  when  occorring  late 
in  springy  especially  if  accompanied  by  a  ^^norther,"  it  may  prove  as  b- 
jorions  to  the  first  generation  of  worms  as  it  is  known  to  be  to  the  oot* 
ton  plant.  We  have  to  deal  rather  with  that  broiling  and  hamid  state 
of  the  atmosphere  consequent  upon  frequpnt  showers  and  a  clouded  sky 
during  the  summer  months  or  later.  The  earth  may.  be  said  to  steam, 
and  the  air  is  full  of  vapor.  The  influence  of  such  weather  is  twofold, 
Tiz.|  direct  and  indirect. 

Its  direct  influences  may,  perhaps,  best  be  illustrated  by  citing,  in 
contrast,  the  effects  of  dry  weather,  which  effects  we  have  repeatedly 
had  excellent  opportunities  of  watching  and  studying.  As  witnessed 
in  the  fleld,  a  large  portion  of  the  eggs  during  dry  weather  actually 
desiccate  and  tail  to  hatch.  The  worms  are  less  active,  and  wanting 
in  vitality;  they  drop  more  easily  to  the  ground,  and  are  so  affected  by 
the  dry,  heated  surface  that,  in  almost  every  instance,  they  fail  to  regsun 
the  plant.  While  vigor  and  vitality  are  thus  impaired,  the  development 
during  such  weather  is  unduly  hastened.  The  worms,  for  the  most  part, 
web  up  prematurely  and  &il  to  effect  the  change  to  chrysalis,  generally 
dying  in  the  act,  half-worm,  half-chrysalis.  The  chiysalides,  in  case  the 
transformation  was  successful,  show  a  great  tendency  to  rot^  whQe  the 
moths,  which  hatch  from  the  comparatively  few  that  remain  sound,  find 
scarcely  any  food  in  the  cotton  field,  as  Uie  glands,  already  described 
(p.  10),  are  almost  entirely  wanting  in  honey  during  very  dry  weather. 
Nourishment  and  fecundity  being  correlated,  it  is  more  than  probable 
that  the  moths,  poorly  nourished,  will  lay  fewer  eggs  under  such  w- 
cnmstances.  All  the  effects  described  are  intensified  and  become  most 
marked  during  extreme  drought,  so  that  frequently  at  the  end  of  a  dij 
spell,  such  as  is  not  infrequent  in  July  and  early  August,  not  a  worm 
can  be  found.  A  rainy  season,  following  such  a  spell,  will  prodnce  s 
most  noticeable  change.  Its  effects  are  almost  magical.  The  plantc 
freshen  up,  and  the  moths  simultaneously  become  aetive ;  their  eggi 
hatch  finely,  and  the  worms  are  so  voracious  and  active  that  they  soon 
destroy  the  new  leaves  or  <<  top  crop"  and  then,  of  necessity,  work  on  the 
older  ones. 

The  effects  of  dryness,  as  here  described,  are  equally  noticeable  when 
produced  artificially.  Experiments  upon  plants  growing  in  the  field, 
but  inclosed  in  muslin-covered  frames,  have  produced  all  the  unhealthy 
conditions  of  the  insect,  simply  because  the  covering  i^revented  the  nor- 
mal precipitations  of  dew  upon  the  plants ;  while  in  vivaria  the  injuriouA 
effects  of  a  dry  atmosphere  have  been  equally  noticeable.  In  tlie  diy, 
hot  air  of  the  Bahamas  the  worms  are  reported  as  often  dying  from  the 
heat  in  numbers  on  the  plant ;  a  fact  which  would  indicate  that  oar 
climate  is  more  fiavorable  to  their  welfare  than  that  of  those  islands; 
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for  the  worms  seldom ,  if  ever,  die  team  excessive  heat  in  this  countryi 
except  as  they  fall  upon  the  heated  sor&ce  of  the  ground. 

The  indirect  influences  of  wet  weather,  first  pointed  out  by  the  writer  vq, 
July,  1879,  in  some  remarks  before  the  Mobile  Cotton  Exchange,*  are  even 
more  potent  in  favoring  the  development  of  the  worms.  They  consist 
in  the  comparative  immunity  which  the  pest  enjoys  during  such  weather 
from  its  numerous  natural  enemies,  presently  to  be  mentioned,  all  of 
which  are  prevented  during  wet  weather  fix)m  working  with  the  energy 
and  activity  they  display  during  dry  weather.  This  holds  especially 
tee  of  birds  and  ants,  the  latter  of  which  not  only  hie  to  their  nests 
during  such  weather,  but  are  often  drowned  in  countless  numbers  in 
open  fields  during  heavy  showers.  Few  who  have  not  carefully  ob- 
senred  the  facts  can  appreciate  the  results  of  the  non-working,  even  for 
a  fev  short  days,  of  these  natural  checks  to  a  species  so  remarkably 
prolific  and  quick  of  growth  as  our  Aletia.** 

It  may  also  be  remarked  in  this  connection  that  wet  weather  Is  un- 
byorable  to  the  poisoning  of  the  worms,  and  prevents  the  working  of 
eotton,  which  working,  as  will  be  shown  fiirther  on,  also  helps  to  destroy 
theoL 

Snch  are  our  conclusions  and  the  reasons  therefor.  One  of  our  cor- 
mpondents  has,  however,  made  the  statement  that  in  his  locality  a  dry 
wason  may  be  followed  by  worms,  while  a  wet  season  may  not ;  and  he 
is  mclined  to  lay  great  stress  upon  the  effects  of  east  and  southeast 
wmds  in  bringing  the  worms.  We  quote  herewith  one  of  his  letters 
which  we  formerly  published  in  the  American  Entomologist^  Vol.  III| 
pp.  105-106  (April,  1880) : 

Ihtlubhck  of  WIXD8  ON  ALBTiA« — I  discover  your  leaning  towards  the  theory  that 
in  this  latitade  the  Aletia  hibernates,  and  that  the  advent  of  it  on  the  summer's  cotton 
growth  is  from  the  hibernated  moth  of  the  Tioinage. 

I  have  heretofore  expressed  both  to  yonltelf  and  to  Professor  Comstock  the  result 
cfmyoheerrations,  to  the  effect  that  a  dry  season — ^that  is,  one  not  too  wet  for  cotton— 
ttj  be  fbUowed  by  the  caterpillar,  in  this  latitude,  in  such  numbers  as  to  do  great 
ii\iuy  to  the  crop;  and  that  a  wet  season— that  is,  one  in  which  the  rainfaU  lessens 
fls  matoiity  of  the  fruit — ^may  not  be  foUowed  by  the  caterpiUar  in  sufficient  numbers 
toh^nzethecrop. 

I  dssire  to  direct  afresh  your  obsenration  to  the  ^fiutne9  nf  the  wlnd$  on  the  Aletia, 
lor  some  years  past  this  has  been  my  own  observation  on  that  subject,  viz : 

(1)  At  aajf  960909  of  the  jfoar  the  prevalence  of  southeast  winds  for  two  or  three  days 
CQOBSoutively,  regardless  of  wet  or  dry  weather,  wiU  be  followed  in  fifteen  to  twenty 
^  after  the  prevalence  stated  of  those  winds  by  the  moth  of  the  Aletia  in  large 
tmabers. 

(8)  If  the  winda  prevail  from  any  other  course  than  east  and  south  of  east,  after 
Iby  and  until  October,  we  do  not,  in  this  latitude,  find  the  caterpiUar  in  numbers 
■Adent  to  iojare  the  crop  of  cotton. 

(3)  Last  year  (1879)  I  made  note  of  the  foUowlng  facts :  The  month  of  May  was  dry  ia 
th^  vicinity ;  ao  dry  that  com  was  retarded  in  growth,  and  everywhere  unpromising; 
•Ht  attd  90uthea9t  windi  prevailed  ;  ergo  (f )  early  in  June  the  cotton  caterpillar  was  re- 
ported in  large  numbers  in  Montgomery  and  Dallas  Counties  t 

*  Mobile  Beglsfcer,  July  9,  1879. 
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(4)  Early  in  June  the  winds  changed  their  course  from  east  and  southeast  to  south 
and  southwest.    The  caterpillars  present  did  no  harm  whatever  for  full  three  montlu. 

Now,  let  us  note  the  seasons  from  June  to  10th  September,  when,  at  this  latter  date, 
th«  caterpillars  began  to  destroy  the  crops. 

The  season  from  June  to  15th  July  was  dry,  and  the  winds  south  and  southwest 

A  rainy  season  began  on  the  15th  July.  We  had  daily  rains  until  19th  Angnst. 
The  winds  continued  to  come  from  south  and  southwest  all  the  rainy  season.  The 
caterpillars  did  no  harm  in  this  rainy  season,  although  they  were  alarmingly  present. 

The  rain  ceased  6  days  to  begin  again  on  the  25th  August. 

The  winds  veered  on  the  25th  August,  or  about  that  day,  from  south  and  southwest 
to  east  and  southeast,  and  by  10th  September  all  the  foliage  had  bien  stripped  from  the 
cotton. 

The  summary  of  these  facts  is  that  (1)  early  in  June  after  a  dry  May,  distinguisheJ 
by  the  prevalence  of  east  and  southeast  winds,  the  caterpillar  appeared ;  (2)  the  cat- 
erpillar did  not  then  eat  the  crop,  and  contemporaneously  with  its  advent  thewindfl 
changed  from  east  and  southeast  to  south  and  southwest ;  (3)  a  rainy  season  pat  in 
15th  July  and  was  excessive  until  19th  August,  and  the  winds  were  south  and  south- 
west, and  the  caterpillar  though  present  did  no  work  ;  (4)  the  rains  began  again  25tfa 
August  and  the  winds  were  then,  for  the  first  time  since  May,  east  and  southeast^  and 
by  10th  September  the  caterpillar  had  destroyed  the  crop. 

There  were  two  seasons  of  east  and  southeast  winds  onliff  one  in  May  followed  b] 
the  caterpillar,  another  from  25th  August  to  10th  September  followed  by  the  cat 
erpillar. 

The  caterpillar  was  present  from  June  until  25th  August,  but  did  no  work,  and  ii 
that  time  the  winds  were  south  and  southwest. 

What  effect  has  the  course  of  the  winds  on  the  character  of  the  growth  of  the  ool 
ton  plant  f  and  what  character  of  growth  in  the  cotton  plant  is  favorable  or  unfavoi 
able  to  the  sustenance  of  the  caterpillar  f 

My  observation  is,  the  prevalence  of  east  and  southeast  winds  is  followed  by  arid 
juicy,  sappy,  heavy  foliage,  never  that  which  precedes  a  hoAYj  fruitage  of  blooms  a* 
bolls;  and  that  the  prevalence  of  south  and  southwest  winds  is  followed  by  small 
pale-green,  sharp-pointed  foliage,  favorable  to  heavy  fruitage  of  blooms  and  boUs. 

I  have  also  noted  that  the  caterpillar  destroys  the  rich  foliage  much  more  greedll; 
than  he  does  the  hard  pale-green  foliage. 

It  is  a  common  remark  that  a  *^  worm  year  is  never  a  cotton  year,  even  if  the  won 
did  not  destroy  the  crop." 

I  never  saw  a  good  yield  of  blooms  and  bolls  with  the  winds  from  east  and  sootfc 
cast.— J.  W.  DuBosB,  Pike  Boadf  Montgomery  County,  Alabama, 


CHAPTER    VIII. 


NATURAL  ENEMIES. 

We  have  already  seen  that  meteorological  conditions  may  favor  or 
retard  the  mnltiplication  of  the  Cotton  Worm,  but  that  their  influence 
is,  in  a  great  degree,  indirect,  i.  e.,  by  favoring  or  retarding  the  work  of 
the  iDsect's  natural  enemies.  Careful  observations  in  the  field  for  a 
single  season  will  convince  any  one  that  these  natural  enemies  are  far 
more  numerous  than  has  hitherto  been  supposed,  and  that  without  their 
aid  man  would  be  powerless  in  his  efforts  to  cope  with  an  insect  with 
SQch  powers  of  multiplication  as  Aletia  possesses.  Those  who  have 
<»refally  watched  the  worms  in  any  given  spot  have  been  struck  with 
the  sadden  disappearance  from  day  to  day  of  a  certain  proportion  of 
theoL  This  apparently  mysterious  disappearance  is  admirably  set  forth 
in  the  experiments  made  by  Professor  WiUet  with  the  yeast  fungus,  and 
quoted  farther  on.  It  frequently  puzzled  and  baffled  Mr.  Schwarz  in 
his  efforts  to  watch  the  worms  on  certain  special  plants,  and  there  can 
be  no  doubt  that  it  is  due  mainly,  if  not  entirely,  to  the  efficient  work  of 
natural  enemies,  especially  those  that  are  nocturnal. 

Since  the  introduction  and  general  use  of  arsenical  poisons  as  a 
remedy  for  the  Cotton  Worm,  the  economic  importance  of  its  natural 
enemies  has  greatly  lessened ;  as  many  of  these,  especially  such  as 
bodOy  devour  their  victims,  are  likewise  poisoned.  Yet  whole  crops 
we  occasionally  saved  by  these  friends  to  the  planter,  as  is  proven  by 
instances  given  farther  on.  But  few  new  enemies  have  been  added 
to  those  treated  of  in  the  first  edition  of  this  work ;  but  the  habits  of 
many,  especially  of  the  parasites,  have  been  more  carefully  studied. 

VEBTEBBATES. 

m 

Among  quadrupeds  the  Cotton  Worm  has  few  enemies  of  importance. 
Hogs  are  rather  fond  of  it,  as  attested  by  many  planters.^  The  Eaccoon 
is  also  reported  to  have  been  seen  eating  the  worms  from  the  plants, 
snd  breaking  these  down  in  doing  so.  The  Skunk  and  the  Opossum 
have  also  been  known  to  feed  upon  it.  These  animals  can  do  little  good, 
except  where  the  worms  are  in  such  large  numbers  that  they  travel  over 
the  ground  and  from  field  to  field.  Bats  devour  large  numbers  of  the 
moths,  and,  in  favorable  localities,  may  be  seen  at  evening  time  dash- 
^g  over  the  cotton  fields  in  pursuit  of  them. 

Birds  are  of  incalculable  benefit,  and  it  is  probable  that  most  of  the 
insectivorous  birds  whiab  prevail  in  the  South  feed  at  iimea  oiv  tXie^  ^^^- 
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deSy  either  in  its  larva,  chrysalis,  or  moth  state,  bat  only  those  whic 
have  been  observed  to  do  so  will  here  be  mentioned.^ 

All  domestic  birds,  as  turkeys,  chickens,  guinea  fowl,  and  geese,  ai 
fond  of  the  worms,  and  may  be  employed  with  benefit.  Turkeys  ai 
the  most  efficient,  but  they  get  demoralized  when  locusts  or  grassho; 
pers  are  abundant,  by  running  after  these,  which  they  greatly  pref 
to  the  worms.  Prairie  chickens  and  quails  often  do  good  work  iu  d 
vouring  the  worms,  while  a  Thrush  (probably  Harporhynchus  rufus  L 
the  Bain  Crow  or  Cuckoo  {Ooccygus  americanus  Bon.),  Bluebird  {Sial 
Halis)^  Cardinal  Grosbeak  (Cardinalis  virginianus  Bon.),  Mockinghi 
{Mimus  polyglottua  L.),  Blue  jay  {CyanurtLS  eristatua  Sw.),  Bed-wii 
blackbird  (AgelcctM  phomiceus  YieiU.),  Bice  bird  {Dolichonyx  oryzivor 
L.),  and  Killdeer  plover  (JEgialitis  vocifera)j  are  more  or  less  persiste 
in  feeding  upon  them.  The  domestic  birds  and  some  of  the  wild  sped 
may  be  attracted  to  a  field  by  scattering  a  little  com  or  other  grain 
the  ground.  The  most  effective  help  to  man  is  rendered  by  the  g 
garious  species  such  as  the  Bice  birds  and  Blackbirds,  and  they  ha 
protected  and  saved  fields  near  their  favorite  resorts  or  restlng-plac 
The  Bice  birds  occur  in  large  swarms  only  in  the  vicinity  of  swam] 
the  Blackbirds  are  more  generally  distributed,  but  unfortunately  tl 
nearly  all  migrate  northward  in  Jane  from  those  localities  which  i 
most  exposed  to  the  attacks  of  the  worms,  and  they  seldom  return  ag 
till  alter  frost.  It  is  quite  amusing  to  watch  how  deftly  they  will 
tract  the  chrysalis  from  its  leafy  or  silken  covering.  Mr.  Hubba 
while  at  Centerville,  Fla.,  found  that  the  worms  had  appeared  in  gr 
numbers  in  a  bottom  of  a  quarter-acre  patch  of  cotton  on  the  plantat 
of  a  neighbor.  On  Saturday  this  was  being  rapidly  eaten  out,  but 
the  following  Monday  not  a  worm  could  be  found,  and  the  cotton  ^ 
left  in  statu  quo.  On  Saturday  and  Sunday  large  flocks  of  Blackbi 
had  been  seen  in  the  neighborhood,  and  these  were  presumed  to  hi 
devoured  the  cateri)illars. 

We  may  also  mention  the  following  additional  species  as  among  th* 
which  have  been  observed  to  destroy  the  worms :  The  Bee-martin  or  Ki; 
bird  {Tyrannu8  carolinensiSy  Baird),  the  Indigo  bird  {Cyanospiza  cyan 
Baird),  the  Nonpareil  (Cyanospiza  ciris^  Linn.),  the  Orioles  {Icterus)^ 
Bam  swallow  {Hirundo  horreoruniy  Bart.),  the  Loggerhead  or  Souths 
shrike  {CollyHo  ludovioiantUy  Baird),  the  Sparrows  {Spizella)j  the  TV 
turkey  {Meleagris  gallopavo  var.  gallopavo)^  the  Quail  {Ortyx  virginiai 
Bonap.),  Partridge  {Boitasa  umbellus  var.  umiellus  Stephens),  the  Prai 
chicken  {Cupidonia  cupido  var.  cnpido  Baird).  Of  nocturnal  birds,  s 
eral,  and  among  them  the  Night-hawks  {Chordeiles)^  are  supposed  to  fi 
on  the  moths,  but  the  proof  is  necessarily  difficult  to  obtain  except 
shooting  and  examination  of  their  stomachs,  and  I  cannot  find  that  t 
has  been  done. 

The  introduction  of  the  English  Sparrow  has  been  recommended 
^fereral  writers.    The  experience  so  far  had  with  it  would  indicate  ti 
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little  good  is  to  be  expected  in  this  direction.  A  nnmber  were  obtained 
from  New  York  and  let  loose  in  1870  at  Macon  Station,  Ala.,  but  did  not 
colonize,  while  in  Texas  they  seem  nnable  to  endare  the  intense  sum- 
mer heat,  for,  while  they  are  fonnd  below  latitude  30^  in  winter,  they 
migrate  north  during  the  hotter  months,  or  just  when  they  would  be 
most  useful  in  the  cotton  field.  It  must  also  be  borne  in  mind  that  this 
bird,  except  during  the  breeding  season,  is  more  graminivorous  than 
insectivorous.  The  almost  universal  opinion  of  naturalists  is  that  the 
introduction  of  this  sparrow  was  a  great  mistake,  and  that  its  spread 
diould  be  prevented  by  every  possible  means.*' 

The  little  tree  frogs  (genus  Hyla)  are  very  often  met  with  on  the  cot- 
ton plants  in  certain  parts  of  the  cotton  belt,  and  they  doubtless  take 
their  share  of  the  worms.  The  Green  Lizard  {Anolis  principalis)  is  also 
frequently  to  be  found  upon  the  plants,  while  the  Ground  Lizard  {Oligo- 
tma  UUerale)  occurs  in  the  fields  and  eats  caterpillars  with  avidity. 

INVERTEBRATES. 

These  consist  principally  of  Hexapods  or  true  insects.  The  spiders 
{Arachnida)j  however,  furnish  a  number  of  species  which  prey  ux)on 
the  worms.  The  following  species  have  been  collected  upon  the  cotton 
plant:  Oxyopes  viridana  Hentz,^  Theridula  sphccrula  Em.,  Euryopisfur 
neftm  Em.,  AUus  fasciatm  Hentz,  Epeira  stellata  Ilentz,  Linyphia  con^ 
fMsm  Hentz,  TetragTuUha  extensa  Walk.,  XynticuB  quadrilineatus  Key- 
BerliDg,  Mesumena  georgiana  Keys.,  and  Argiope  fasciata  (Hz.). 

The  first-mentioned  species  is  widely  distributed  and  nests  on  cotton, 
dthoagh  usually  it  is  not  very  abundant.  The  notion  prevailing  in 
some  parts  of  the  country  that  this  spider  is  confined  to  the  "cotton 
plant  is  incorrect,  as  the  species  is  also  found  abundantly  upon  weeds, 
especially  in  moist  places.  Mr.  Hubbard  has  found  it  common  upon 
cotton  in  Florida,  and  has  seen  it  eating  bees,  leaf-hoppers,  and  other 
insects,  but  it  never  seemed  to  take  the  slightest  notice  of  Cotton  Worms, 
and  remained  for  hours  ui)on  the  same  leaf  with  a  worm  without  show- 
ing the  least  inclination  to  molest  it.  Mr.  Schwarz,  however,  has  seen 
it  feeding  nx)ou  the  worms  both  in  Texas  and  in  Alabama. 

PBEDAGEOUS  n«SEGTS. 

Of  true  insects  which,  firom  their  well-known  carnivorous  propensi- 
ties, might  with  safety  be  placed  among  the  natural  enemies  of  the 
Cotton  Worm,  there  are  a  very  great  many,  especially  among  the  Gole- 
optera  and  Heteroptera ;  but  we  shall  refer  only  to  those  which  have  been 
ttctnaDy  observed  to  feed  upon  them;  and  then  note  some  of  the  species 
conunonly  found  in  the  cotton  field,  and  which  presumably  have  the 
ttme  habit. 

Htmekopteba  :  Wasps,  Ants,  etc.— In  this  Order  none  are  of  greater 
importance  than  the  ants.  A  careful  observer,  while  going  through  any 
cotton  field  the  latter  part  of  summer^  has  no  difficulty  in  obsftt^mg  >i\x^ 
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ants  occupied  in  destroying  the  eggs  of  Aletia,  or  still  more  frequent 
in  attacking  the  young  worms  that  are  helpless  while  in  the  act  of  mo] 
ing,  or  in  devouring  the  interior  of  the  still  more  helpless. chrysalidf 
Even  old  worms  which,  from  cause  whatsoever,  once  get  to  the  groan 
are  almost  sure  to  fall  a  prey  to  these  persistent  and  voracious  litt 
animals;  the  writhings,  jerkings,  and  jum pings  of  the  worm  being 
no  avail  against  the  constantly  increasing  numbers  of  the  enemy  thi 
oome  to  the  attack.  Attractive  as  is  the  honey  from  the  glands  of  tl 
oof  ton  plant  to  the  Cotton  Moth,  it  seems  to  attraot  few  other  insects,  as 
even  the  ants,  that  have  such  a  predilection  for  sweets,  are  only  a 
oasionally  found  partaking  of  it.  The  universal  presence  of  ants  on  th 
cotton  plants,  and  of  their  nests  in  the  ground  at  the  base  of  the  planti 
seems  largely  due  to  the  similarly  universal  presence  of  the  cotton  plan 
lice. 

The  ants  are  always  to  be  seen  busily  occupied  in  obtaining  sweei 
from  these  Aphides,  while  but  few  are  noticed  to  be  sucking  the  liqui 
secreted  by  the  glands.  Now  the  plant- lice  rapidly  decrease  in  numb 
with  the  advance  of  hot  weather,  though  they  never  disappear  entire 
from  the  plants.  The  ants,  as  summer  advances,  are  thus  deprived 
a  large  portion  of  their  principal  food  supply,  and  as  their  colonies  h 
-come  more  and  more  numerous  with  the  progress  of  the  season,  th< 
are  obliged  to  seek  other  food.  It  is  but  natural,  therefore,  that  th< 
should  fall  to  preying  on  the  Cotton  Worm.  It  has  already  been  me 
tioned  that  rains  hinder  the  working  of  the  ants,  and  that  ston 
destroy  them.  They  will,  therefore,  prove  most  effectual  in  assistii 
man  where  they  are  most  protected  from  heavy  showers,  as  on  nc 
land  where  the  soil  is  uneven,  or  in  fields  where  there  are  stumi 
trees,  &c. 

To  Mr.  Trelease  the  work  of  the  ants  seemed  so  important  as  to  su 
gest  the  possibility  that  the  nectar  glands  of  the  cotton  plants  we 
originally  developed  by  natural  selection  for  the  purpose  of  attraotii 
ants  which  should  act  as  protectors  against  the  attacks  of  Aletia 
some  other  enemy. 

The  species  actually  observed  destroying  the  cotton  worm  have  eith 
been  determined  or  described  by  Eev.  H.  C.  McCook,  and  are  as  follow 
Dorymyrmex  inaanus  (Buckley),  i>.  flavus  McCook  (variety  of  insanu, 
Iridomyrmex  tnnccooki,  Solenopsis  xylani  McCook  {=8.geminata  Fabr 
and  Moruymorium  carbonarium  Smith.  In  addition  to  these,  Cremam 
gaster  lineolata  Say  and  C  clara  Mayr  are  found  nesting  in  the  cott4 
fields  and  may  be  safely  counted  among  the  enemies.  For  descriptio: 
of  these  species  see  note**". 

The  most  common  and  effective  species  in  the  Southwest  is  the  Soi 
nopsis  geminata  Fabr.,  a  small  species  (Fig.  10)  averaging  2.8>°>°  in  lengt 
and  of  a  pale  fuscous  color,  with  a  darker,  piceous  abdomen. 

Among  the  DorylidsB  (a  family  closely  related  to  the  ants  and  consi 
ered  by  some  as  belonging  to  them)  we  have  found  Labidus  karri 
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HaUl,  and  L,  meUhemeri  Hald.  are  found  very  abundantly  in  the  cot- 
ton fields,  and  presumably  feed  upon  the  worpis. 

While  we  have  repeatedly  seen  ' 
this  species  attacking  worms  that 
were  upon  the  ground,  we  have 
butonce,  at  Macon  Station,  Ala., 
witnessed  it  feeding  on  a  young 
worm  on  the  plant ;  but  so  many 
correspondents  have  witnessed 
the  good  work  of  ants  that  there 
can  be  no  question  as  to  the  gen- 
eral correctness  of  the  above  con- 
clnsions,  though  it  is  doubtful 
whether  a  worm  is  ever  attacked 
bjants  except  when,  from  the 
causes  mentioned,  it  is  excep- 
tionally helpless.  Again,  some 
speciesof  ants  are  more  ferocious 
than  others,  and  they  will  act 
differentiv  in  different  localities ; 
hence  there  is  a  difference  of  ..^re'-jjfe^^?^^^ 
opinion  among   planters  as  to  ^^^^^  ^^^^  ^^^^'  (After  McCook.) 

their  influence.  We  have  therefore  endeavored  to  get  more  reliable 
and  extended  experience  on  the  subject,  and  have  especially  charged 
our  assistants  to  make  careful  observations  on  the  subject.  Some  of 
these  may  here  be  quoted.  Mr.  Hubbard  reports  as  follows  his  obser- 
vations in  Florida: 

"into. — Apparently  only  two  species  are  commonly  found  in  the 
cotton  fields,  both  of  which*  are  more  or  less  predatory  on  Aletia.  I 
am,  however,  of  the  opinion  that  the  value  of  the  services  of  ant«  in 
destroying  the  worms  has  been  much  overestimated.  It  is  true  that  in 
the  hottest  weather  worms  which  from  some  mischance  fall  upon  the 
heated  ground  are  soon  exhausted,  and  often  become  an  easy  prey  to  ants 
if  a  colony  happens  to  be  near  at  hand.  At  such  times,  also,  I  have  re- 
marked that  the  stings  of  the  latter  seem  to  possess  a  greater  virulence, 
and  have  a  powerfully  paralyzing  effect  upon  the  worms.  Numerous 
experiments  mad6  by  dropping  grown  worms  into  the  midst  of  excited 
swarms  of  ants  showed  that  at  midday  50  per  cent,  and  during  the 
cooler  hours  80  per  cent  escaped  from  their  persecutors  and  found  their 
^^y  again  on  to  the  plants,  whither  they  were  rarely  followed.  I  have 
never  seen  a  worm  attacked  with  any  persistence  when  feeding  on  the 
plants ;  on  the  other  hand,  I  have  a  number  of  times  seen  an  ant,  which 
had  iucautiously  approached  too  near,  violently  flung  to  a  distance  by 
a  blow  from  a  worm,  which,  in  such  a  case,  uses  the  anterior  half  of  its 
hody  as  a  club. 

"Not  once,  but  many  times^  will  a  caterpillar  free  itselt  \)^  2bft\\>  ol 
'^ts body  when  seized  upon  the  groand,  while  upon  tAie  planted  u\\\^«k^ 
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attacked  in  force,  an  occnrrence  which  I  have  never  seen,  they  seem  tc 
me  completely  master  of  the  situation.  I  fonnd  that  when  pupae  wer< 
dropped  among  the  ants,  or  placed  upon  the  ground  near  their  colonies 
they  were  devoured  in  six  or  eight  hours'  time.  Ants  were  often  seer 
swarming  upon  larvae  and  pupae  in  their  webs  upon  the  plants,  but  ii 
nearly,  if  not  quite  all  such  cases  the  larvae  and  pupae  had  been  injured 
possibly  by  a  bird.  I  have  not  been  able  to  obtain  any  evidence  tha^ 
the  ants  destroy  the  young  or  eggs  of  Aletia. 

"  Of  the  two  species  of  ants  observed,  one  {Dorymyrmexflavus  McCook 
is  testaceous  in  color,  timid,  and  very  active.  It  runs  after  a  caterpillai 
upon  the  ground,  but  does  not  take  good  hold,  and  is  invariably  throwi 
offi  It  makes  quite  a  large  cavity  below  the  mouth  of  its  gallery,  which 
is'also  a  considerable  aperture.  A  worm  dropped  into  this  cavity  usu- 
ally disappears  from  sight  for  several  minutes,  but  invariably  makes  its 
appearance  again  at  the  mouth.  It  finds  great  difficulty  in  getting  ont, 
even  if  not  disturbed  by  the  ants.  Usually  it  is  followed  by  a  swarm  of 
its  enemies,  and  repeatedly  falls  back,  but  almost  always  gets  away  in 
the  end.  Several  caterpillars  were  replaced  five  or  six  times  and  dropped 
out  of  sight  in  the  galleries  of  strong  colonies,  and,  although  severely 
bitten  and  bleeding,  they  e8cax>ed  at  last.  A  few  worms  succumbed  to 
the  attacks  of  the  ants  after  having  been  repeatedly  thrown  back. 
^  ^^  The  second  species  (Solenopsia  xyloni  McCook)  is  dark  brown,  smaller, 
and  less  active,  but  much  more  courageous.  It  is  often  seen  marching 
in  columns,  and  makes  long  subterranean  galleries  just  below  the  sur- 
fiBMse  of  the  ground,  with  numerous  exits  along  its  course,  from  which 
quantities  of  finely-divided  earth  are  thrown  out.  It  is  much  more  ag- 
gressive than  the  first  species,  attacks  a  worm  fiercely,  and  holds  on  with 
great  pertinacity,  but  does  not  follow  up  the  attack  when  once  the  cat- 
erpillar has  made  its  escape.  It  has  a  very  severe  sting,  which  paralyzes 
the  worm.  The  latter,  however,  recovers  if  not  too  badly  bitten.  Most 
worms,  when  stung  behind  the  middle,  appear  to  be  unable  to  use  the 
anal  prolegs,  but  can  usually  spring  away.  Sometimes  the  worm  is  en- 
tirely paralyzed,  yet,  if  rescaed  in  time,  recovers,  and  I  have  bred  the 
moths  from  such  individuals.  Notwithstanding  its  powerftd  weapon, 
I  do  not  believe  this  ant  can  destroy  a  larva  unless  favored  by  chance, 
or  unless  the  attack  is  made  by  great  numbers  and  upon  the  ground. 
After  the  caterpillar  has  webbed  up  and  become  helpless,  both  these 
species  of  ants  are  occasionally  found  to  attack  it.  I  select  from  numer 
ous  field  notes  the  following  in  confirmation  of  the  conclusions  I  have 
drawn: 

^^ August  25. — The  ants  do  not  seem  to  attack  the  young  larvae  and 
eggs  of  Aletia  which  were  crowded  on  the  leaves,  and  yet  they  (the 
ants)  swarm  under  the  netting  and  eat  up  pupae  placed  in  jars  or  boxe« 
on  the  ground.  I  think  this  a  very  fair  test  of  the  work  done  by  the 
ants,  since,  with  every  condition  favorable,  they  fail  to  clear  off  young 
larvae  and  eggs  upon  plants  at  the  foot  of  which  they  have  very  strong 
ooloDiea. 
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^*  August  27. — Tn  the  morning  caterpillars  dropped  into  the  midst 
of  a  very  strong  colony  of  brown  stinging  ants  {i^lenopsis  xyloni)  were 
very  quickly  destroyed ;  some  of  them  made  hardly  any  effort  to  escape. 
The  same  colony  was  experimented  on  in  the  heat  of  the  day,  and  four- 
fifths  of  the  caterpillars  escaped. 

^^ August  28. — ^Experiments  made  with  a  colony  of  brown  ants  (ap- 
parently Dorymyrmex  flaviis)^  by  dropping  caterpillars  in  the  path  of  a 
moviDg  column,  resulted  in  the  escape  of  fifteen ;  five  were  killed  by 
theauts.  I  have  several  times  observed  a  column  of  the  same  species 
of  ants  engaged  in  robbing  colonies  of  another  common  species  and 
at  Bach  times  they  are  much  less  inclined  to  attack  caterpillars  in  their 
path.  I  have  never  yet  witnessed  the  capture  of  a  caterpillar  upon 
the  plants  by  ants  unless  it  had  webbed  up  and  was  stiffened  to  form 
papa.  During  the  hottest  hours  of  the  day  the  worms  were  more  pow- 
erfoUy  affected  by  the  sting  of  this  brown  ant,  and  a  greater  proportion 
were  captured  by  them  at  this  time;  a  caterpillar  sometimes  succumbed 
after  being  twice  stung."  • 

The  following  extracts  firom  Mr.  Schwarz's  notes  are  interesting  in 
this  connection : 

^*  Of  ants  only  three  species  were  actually  observed  to  attack  worms 
or  chrysalids,  Dorymyrmex  <it«a»iM,  Solenopsis  xylonij  and,  on  a  single  oc- 
casion, a  small  undetermined  species.  The  first  two  siiecies  are  very 
common,  and,  in  my  opinion,  the  only  ones  which  are  of  importance  in 
this  Cotton  Worm  matter.  The  colonies  of  all  these  species  are  to  be  met 
with  in  the  cotton  fields.  The  former  are  always  small  and  consist  of 
round  or  oval  subterranean  excavations  connected  with  the  surface  by 
a  single,  almost  vertical  gallery  at  the  entrance  of  which  no  hill  of  up- 
thrown  soil  is  raised.  SolenopHs  wyUmij  on  the  other  hand,  very  often 
forms  large  colonies  on  places  not  disturbed  by  plowing  or  other  causes. 
Those  in  the  cotton  fields  are  usually  very  small,  without  doubt  on  ao- 
ooQDt  of  the  frequent  disturbances.  There  is  always  a  hill  of  loose  soil 
or  sand,  as  the  case  may  be,  raised  by  this  ant,  through  which  several 
entrances  lead  to  shallow  but  large  irregular  excavations  below  the 
surface  of  the  ground.  There  are  two  or  more  such  chambers,  one  above 
the  other.  A  Scarabseid  beetle,  Euparia  castaneay  is  inquilinous  with  this 
ant,  and  hundreds  of  them  occur  in  a  large  colony.  Its  larva  is  found 
in  the  innermost  part  of  the  nest,  and  feeds  upon  the  roots  of  grasses; 
the  beetle  is  to  be  found  in  all  parts  of  the  nest,  but  rarely  in  young 
colonies. 

^'As  to  the  efiScacy  of  these  two  species  of  ants,  I  wish  to  remark  that 
on  several  occasions  I  saw  them  at  work  destroying  larvsB  or  chrysa- 
lides which  I  had  every  reason  to  suppose  were  ini  healthy  condition 
when  attacked.  In  one  instance  I  saw  them  attacking  a  moth  just 
issning  from  the  chrysalis.  More  often  they  attack  worms  which  are 
wounded  or  disabletl  by  other  enemies,  and  pupae  which  have  been 
Btung  by  some  Heteropteron,  or  which  are  rotten.    Tliey  aUdxik  it^ 
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quentlj,  however,  the  yonug  larvie  in  the  act  of  molting.  I  never  no- 
ticed them  dragging,  or  trying  to  drag,  dead  worms  into  their  nests. 
At  Selma,  Ala.,  I  never  saw  the  aut8  destroying  an  egg  of  Aletia.  I 
witnesse<l  it  at  Columbus,  Tex.,  but  cannot  t«ll  at  present  whether  this 
egg  had  not  been  previously  injured  by  some  other  enemy.  When  I 
returned  from  Texas  I  bad  a  veiy  high  opinion  as  to  the  efficacy  of  these 
two  species  of  ants,  but  since  my  stay  at  Selma,  where  I  paid  particu- 
lar attention  to  the  snbjeet,  I  have  modified  my  opinion.  Out  of  about 
teu  cases  where  the  ants  are  seen  destroying  worms  it  is  quite  certain, 
in  my  opinion,  that  in  nine  of  them  the  victim  was  previously  severely 
injured  by  some  other  enemy.  In  spite  of  this  fact,  however,  there  can 
be  no  doubt  in  my  mind  that  the  ants,  on  account  of  their  enormous 
nambers,  are  to  be  considered  as  the  most  ImportaDt  enemies  of  the 
Cotton  Worm."  ' 

The  reports  of  other  agents  in  much  the  same  strain  seem  to  prove 
quite  conclusively  that  the  work  of  ants  has  been  to  some  extent  over- 
rated; still  their  numbers  must  always  make  tbem  important  enemies 
of  the  worm.  The  great  difference  of  opinion  amongst  observers  upon 
this  point  is  to  a  certain  extent,  without  doubt,  due  to  the  difTerence  iu 
location,  as  in  some  localities  the  ants  may  be  more  active  than  in  others, 
or  different  species  may  be  concerned.  It  is,  moreover,  a  question 
wherein  preconceived  ideas  will  have  great  weight  in  considering  evi- 
dence. Take,  for  instance,  the  caae  of  an  observer  who  sees,  u{)ou  one 
or  several  occasions,  an  ant  iu  the  act  of  devouring  an  egg  of  Aletia. 
He  will  be  pardoned,  perhaps,  for  considering  this  conclusive  evidence 
of  the  good  done  by  the  emmets;  but  when  we  remember  that  many 
eggs  are  pierced  and  sucked  by  species  of  Trix)hleps  and  allied  plant- 
bugs,  and  that  in  all  of  these  broken  eggs  more  or  less  of  the  contents 
is  left,  it  becomes  possible  that  the  ants  may  in  such  case  act  simply  as 
scavengers  after  the  feast  of  the  Triphleps.  One  thing  seems  quite  con- 
clusive, viz.,  that  they  are  nsefnl  cbieSy  against  the  newly-hatched  or 
newly- molted  or  disabled  worms. 

The  leaf-cutting  ant  of  Texas  (Oecodoma  fervenn)  should  also  be  men- 
tioned hei«,  for  when  it  invades  a  cotton  field  it  makes  a  clean  sweep 
of  every  worm  and  pupa;  but  it  also  ruins  the  plant,  taking  off  leaves, 
blossoms,  bolls,  and  tender  stalks. 

Cert-ain  of  the  true  wasps 
{ Vespa    Carolina    I>rury,  V. 

(ffermanica  i.),  some  Paper- 
wasps      [Polistes      bellicoga 
Vress.,  F.  rubiginona  Ht.  F.), 
and     some      Digger- wasps 
(Siibex  ccerulea  Be  Geer,  iS'. 
pennaylvanica  Linn.,  and  an 
no.  u—PoiijiM rvbiain«ia :  a,  wmp,  b,  upring ncei.      undetermined    species)    oc- 
casionally carry  off  a  worm.    Of  other  larger  Hymenoptera,  iiionedula 
Carolina,  Fabr.,£lis  4-nolata,  Fabr.,  K.  pUimipeSittvuT^  ,Pc[05<Ett«  txeruleus, 


BEETLES   WHICH   DESTBOT  ALETIA. 


95 


(After 


P.  pensylvanica^f  Liun.,  and  Priononyx  thomWy  Fabr.,  are  often 
in  the  cotton  fields,  and  certain  of  them  have  been  observed  feed- 
1  the  worms.  Mr.  Trelease  has  ob- 
l  Polistes  hellicosa  searching  the 
;  for  worms,  and  relying  on  the 
)  sense  of  the  antennsB  rather  than 
ht  to  find  them.  The  instant  a  worm 
toached,  recognizing  its  enemy,  it 
[  throw  itself  from  the  leaf,  the  Pol- 
loickly  springing  after  it.  One  wasp 
observed  thus  to  spring  eight  times  ^^  ^^.-pou^  temcc^. 
^essfnlly,  the  ninth  time  catching  and  Comatock.) 
iring  the  worm.  Both  species  of  Polistes  were  several  times  seen 
:  aboQt  with  dead  caterpillars,  having  previously  reduced  them  to  a 

mass  with  their  mandibles. 

LEOPTERA,  OR  BEETLES. — Of  this  Order  numerous  species  belong- 
the  families  of  Tiger-beetles  ( Cicindelidce)  and  Ground-beetles  ( Car- 
)  have  been  observed  to  prey  upon  the  worms,  each  species  being 
iented  by  but  a  very  small  number  of  speci- 
when  compared  with  the  ants.  These  beetles 
evertheless  among  the  most  voracious  insects 
a  to  us.  Most  of  them  are  nocturnal  in  their 
\j  and  are  thus  more  apt  to  escape  the  attacks 
ds.  They  devour  their  prey  bodily,  and  as 
ire  frequently  met  with  in  cotton  fields  very 
e  from  their  hiding  places,  they  are  probably 
ted  by  the  smell  attending  the  worms.  The 
ing  is  a  list  of  the  species  actually  observed  ^o- is— r<'»'«*»^»'^»»*«»- 
g  thereon:  Tetracha  Carolina  (Linn.),  T.  virginica  (Linn.),  Ciciii- 
}erata  Lee.,  Cicindela  punctulata  Fabr.,  Calosoma  sayi  Dej.,  Helluo- 
a  laticomis  (Dej.),  H.  iexana 
9alerita  atripes  Lee.,  Brack- 
).,  Aphelogeniafurcata  (Lec.),^ 
a  decora  (Fabr.),  Loxandrvs 

Ghaud.,  L.'crenatus  Lee, 
tichus  sayi  BrulL,  and,  Selen- 
u  la*iU8  Lee.  The  number  of 
iela  holes  in  the  cotton  fields 
onishingly  great,  the  most 

lanf  fir%o/«iofl  Vtoinrr  ri^nn^i^ln  Fio.  14.— (Xcindete  jptendtda:  a,  larva;  &,  head  of 
lant  species    Oemg    OtOtnaem  same, enlarged;  c,  beetle.    (Emerton  d«i.) 

data.  The  larvae  drag  into  their  holes  every  Cotton  Worm  which 
es  to  crawl  over  the  mouth,  and  many  are  thus  destroyed  during 
igration  of  the  worms,  towards  the  end  of  the  season.  Ordinarily, 
?er,  the  number  of  worms  captured  by  these  Tiger-beetles  is  very 
.  The  accompanying  cut  (Fig.  14)  of  Cicindela  splendida  from  the 
eport  of  the  Commission  will  indicate  the  character  of  t\iea^  l\get- 
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beetle  larvae.  Callida  decora  is  an  exceedinglj'  common  species  in  parU 
of  the  South,  and  both  larv®  and  adults  destroy  the  Cotton  Worms.  Th( 
larvae  of  this  beetle,  upon  one  occasion,  according  to  Mr.  Hubbard,  wen 
sufficiently  numerous  to  cause  a  marked  decrease  in  the  number  of  iki 
worms  in  certain  parts  of  ^he  field  (at  Crescent  City,  Fla  ).  They  cap 
tured  the  young  larvae  upon  the  leaves  in  great  quantities,  and  evei 
successfully  attacked  grown  worms  many  times  their  own  size  anc 
weight.  The  imago  of  the  beetle  not  only  destroys  full-grown  worms 
but  was  found  eating  the  chrysalides. 

A  number  of  dififereut  Ladj- -birds  {Coccinellidce)  are  constantly  foaw 
upon  cotton,  and  their  larvae  have  occasionally  been  observed  to  eat  th* 
eggs  of  Aletia.  These  larvae  have  also  been  found  to  destroy  large  chryg 
alides  of  other  moths  while  yet  soft  after  the  transformation,  biting  larg 

holes  in  them  and  sucking  the  juices,  and  will  ue 
doubtedly  be  found  to  destroy  Aletia  pupae  in  th 
same  way.  The  small,  obscure  beetles  with  floccn 
lent  or  cottony  larvae,  belonging  to  the  genus  Sep 
nu8j  are  especially  abundant,  but  they  have  neve 
L5>Vru  ra.  wva  r  IVu*  ^^^"  Satisfactorily  provcu  to  prey  upon  Aletia  i 

pa;  e,  beetle.    (After  Riley.)  g^ny  g^j^^^^ 

Soldier-beetles  {Teh'phoridw)  and  "Fire-flies"  {Lampyridw)  tire  sit 
quite  common  on  cotton.  The  beetles  are  poUinivorous,  While  the  larv 
are  predaceous,  and  in  several  instances  have  been  known  to  destrc 

Aletia.  Two  full-grown  larvae,  whic 
we  recognize  as  those  of  Chauli 
gnatlnts  americamtSy  were  found  I 
Mr.  Hubbard  feeding  upon  Cottc 
Worm  chrysalides  on  the  leave 
One  of  these  larvae  hatl  devoun 

Fig.  IQ.—Chauliognathus  am^ricanus:  a.  larva;  OUe    entire    pupa    and   WaS  engag( 
b,  enlarged  head  of  same;  c,  d,/,  g,  h,  mouth  parts  xu  x.  x         j 

of  same;  c,  Itg;  t,  l>e<no;  o.  l,  uatural  Bizo,  the  UpOU  aUOthcr  WhCU  Capturcd. 
rest  enlarged.    ( A  ftcr  Ki ley . ) 

We  have  also  observed,  as  has  also  Mr.Patton,  the  same  species  fee 
ing  upon  pupae  of  Aletia  in  Alabama.  In  addition  to  what  we  ha^ 
published  on  the  habits  and  transformations  of  this  beetle  (Mo.  Ei: 
Keports,  I,  p.  57,  and  IV,  p.  28),  the  following  notes  by  Mr.  Hubbard « 
its  earlier  life-history  are  interesting: 

The  egg.9  of  ChauUognathus  jyensylvanicua,  livhich  you  gave  me  at  Savannah,  Angt 
4  (my  No.  62),  batched  during  the  night  of  August  9.  On  August  10  I  mount 
twelve  of  the  larvte  in  balsam  (Slide  No.  G2).  I  succeeded  in  feeding  them  on  yoir 
aphids  from  cotton,  the  bodies  of  which  I  crushed.  *  They  were  very  timid,  and  « 
sparingly.  The  color  is  silver  gray,  almost  white.  August  12  the  larvse  retreatt-d 
bottom  of  earth  in  the  bottle,  and  curled  up  in  chisters.  In  two  or  three  hours  (10- 
a.  m.)  they  had  moulted.  Their  color  now  changed  to  a  lead  coloi,  or  mouse  col< 
Immediately  after  moulting  they  became  very  active,  climbing  all  over  the  sides 
the  jar.  I  gave  them  crushed  Phora  alet'icr.j  and  they  sucked  the  juice  readily.  Th< 
attacked  the  uninjured  niaggotn,  but  were  unable  to  pierce  the  skin.  I  prcserv* 
^overaJ  in  Wickernheim  solution  (No.  (52,  B).  I  gave  them,  August  15,  a  species  of  larjf 
red  Aj)his,  found  on  cocklo-burr,  but  they  (VVd  iioV.  T«A\e\il^\<im,  and  ate  but  little.  The 
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iIwituBparingly  of  crusbed  .IMii  larTiu,  but  prcfertbe  P/toriw  to  evarythiog else. 
Aognsl  17  they  retired  to  bottom  of  tlio  bottle,  and  were  torpid  two  days.  Aiiguat  19 
ill  had  completed  their  secoQd  raonlt,  and  are  darker  io  color.  Tliey  are  now  quite 
itrong,  and  can  pierce  tbe  akin  of  Pbora  maggots  given  them  for  food.  The  markings 
on  ditnnm  are  now  quite  distinct.  (H.  G.  Hnbbard,  CeLterville,  Fla.,  Anguat  21, 
im.-AnericaH  KntomologitI,  III,  pp. 240, 250. ) 

Aitiimber  of  other  beetles,  as,  for  iustauce,  Collops  quadrimacutatua 
(Fabr.),  having  carnivorous  babi  tn,  are  found  upon  the  plaut,  and  may  by 
farther  obser\'ation  be  added  to  the  eDemies  of  Aletia;  while  a  minute, 
jelloffish-brow D  species  [Sericoderus  Jidvidtia  Lee),  belonging  to  tbe 
Caryii^hidte,  has  been  found  feetling  on  the  forming  chrysalis  while  yet 
eoft:  aud  helpless. 
Heteboptera,  or  Half-winged  Bugs. — Next  to  the  ants  in  use- 
N     _.  fulness  as  natural  checks  are  sun-  . 

\jCf  i^O'  siMicies  of  rapacious  or  Soldier-    vi  /      "tAy 

JBHO^  bugs,  as  they  are  pojtularly  called.  {jBgi  A  JK,  I 
jpP^^""^  These  belong  exclusively,  so  far  as  VM/0S. '  /JlBy  I 
"  ™  *  observed,  to  tbe  families  Cydnidw,    '  *   ^       )  a-  \» 

Anthocoridte,  Scutelleridtv,  and  Re-  fii  is.— Pod>»u»  jpino- 
■^."r^u^cTd  <^'*'-'''<'tc.  They  suck  out  tbe  juices  ^li.  "'li'flu^Riiiv''^*' "' 
iwio*iSSd'^'"(Ar  °^  ^^^^^  I'^y  ^y  means  of  a  short  but  sharp  beak,  and 
■""^ri  the  young  have  precisely  the  same  habits  as  the 

aatnro  insects,  though  often  differiug  greatly  in  appearance.  They 
are  almost  all  active  during  the  day,  l'>ut  a  few  work  also  at  night 

Ilj/N.  ^-       The  species  actually  observed  desfrojing  i 
\  Vy^     Cotton  Worms  are  :  PodUm  cynicua  (Say), 
^y  P.  apinoaua  (Dall.),  P.  punctipea,  Euackiatvs  t 

J^^^^       fi»»i^i»  Ubler,  Proxys  punctulatua  {Beauv.}  'j 
\^Kf        (see  Fig,  20),  I'rionotua  criatatua  (Linn.), 
^  ^B  s        Apiomeriia  cniaaipea  (Fabr,),  Phymata  eroaa  rio.M.-JVoawi 
f«ii    •■      d-    (I''u"')i-'W*''""''e»'e«l'tcy''i«(H.  Sch.),  ^(eno-  (OrTginSi."  " 
*«t  (Artec  Kiky.)  poda  cinerea  La]).,  (Ebalua  pugnax  (Fubr.),  (see  Fig.  21), 
Stpipta  taurtta  (Fnhr.),  Acera tod es  cornvtua  Burta.,  Zelua  bilolma  (Say), 
Tripklepa    inaidioaua   (Say),    Rapkigaater   ' 
hilaria  (Say),  Sinea  diadema  (Fubr.)  (see 
Fig.  19),  and  Melapodimfemoratua  (Fabr). 
(sec  Fig.  'I'l). 

The  spined  Sohlier-biig  {Podiaus  spi- 
noaua,  Figs.  17  and  18)  seems  to  be  per, 
jjii.si -ffi*™.  baps  tbe  most  abundant  and  effective  of 
iW8to»i!r"   tb^  above  list.    It  is  found  all  through 
>lie  cotton  belt,  and  seems  to  prefer  to  attack  the 
(ullgTOwn  worms,  though  it  is  frequently  seen  suck- 
ing tbe  jnicea  of  the  less  protected  chrysalides.    Its     pio.  K.-jf*(o|ioiJiu» 
imncture  is  liot  always  fatal  to  the  worms.     Jlr.  ■'™'''""-    itiriKin"!-! 
Scliffarz  on  one  occasion  had  under  his  observation  two  worms  whicU 
lie  thiuks  had  been  stung  by  tbe  iSo/dier-bugs,  and  succtitdcl  \\l\>oV^l 
CS  voxa 7 
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cases  in  rearing  the  moths.  PodUus  spinosns  was  never  observed  sac 
iug  thecottou  bolls;  but  P.  puncfipe*  was  freqaeotly  caught  io  the  a 
The  bngs,  however,  are  so  closely  related  that  their  habits  are  probal 
similar. 

The  eggs  of  P.  spinosus  (Fig.  18c]  are  bronze-colored,  caldron-shap< 
objects,  with  a  convex  lid,  around  which  radiate  fifteen  or  sixteen  whi 
spines.  They  are  attached  side  by  side,  in  clusters  of  a  dozen  or  mor 
to  leaves  and  other  objects,  and  are  very  subject  to  the  attacks  of 
Proctotrnpid  parasite  of  the  genus  Tclenomus.  The  yonng  bag  is  OToii 
shiny  black,  with  some  bright  crimson  about  the  abdomen.  Inthefol 
grown  larva  (Fig.  18b)  four  yellowish  spots  appear  on  the  thorax,  an 
the  abdomen  becomes  more  yellowish.  In  the  so-called  pnpa,  distil 
guished  by  wing-pads,  the  ocheryellow  ^tends  still  more,  and  in  tl 
perfect  insect  the  black  entirely  disappears.  In  the  immature  6tag> 
the  shoulders  are  rounded,  not  pointed.  The  antennie  are  four-joiub 
instead  of  five-jointed  as  in  the  adnit,  and  the  feet  or  tarsi  have  but  tv 
joints  instead  of  three. 

The  diet  of  the  young  seems  to  be  principally  vegetarian,  bnt  ^ 
have  mentioned  (Fourth  Kep.,  Ins.  Mo.,  p.  20)  instances  where  I 
larva  has  often  been  seen  to  destroy  larvie  of  the  Colorado  Pota' 
beetle  four  or  five  times  its  own  size. 

The  thick-thighed  Metapodius  [M.  femorata.  Say,  Fig.  22),  which 
the  first  edition  was  placed  in  the  list  of  probable  enemies,  has  si[ 
been  observed  in  the  act  of  destroying  full-grown  worms.  It  has  al 
however,  been  seen  to  pierce  and  suck  bolls. 

Much  more  effective  than  the  larger  Heteroptera  were  two  small  s] 
cies,  both  extremely  abundant  on  cotton  near  Selma,  and  very  i 
queutly  observed  attacking  Aletia.  The  one  is  THphleps  xnaidios 
which,  with  its  larva,  may  be  considered  as  a  special  destroyer  of  A 
tia  eggs.  It  was  very  often  found  with  its  beak  inserted  in  the  eg 
busily  engaged  in  sucking  out  the  contents.  The  empty  eggs,  with  I 
hole  plainly  observable,  were  also  frequently  met  with.  It  was  a 
olteu  met  with  in  large  numbers  in  half-empty  pupfB,whiuh  it  had  po! 
biy  killed ;  but  it  has  not  been  seen  to  attack  the  worms.  Anotl 
K^iecies  was  often  seen  sucking  worms  of  all  sizes  and  also  pnpEe,  a 
even  on  one  occasion  a  motb  was  attacked  just  as  it  was  coming  fo 
from  its  pupa-skin. 

The  folio.. Ing  species,  commonly  found  in  cotton  fields,  bnt  not ; 
_  actually  observed  to  feed  on  the  worms,  may  safely 
regarded  as  having  the  habit,  while  sevei^l  others  mi} 
be  added,  some  of  which  combine  the  camivorons  w 
the  plant-feeding  trait;  Stirctrua  Jimbriatua  (Say)  (. 
'  Fig.  23),  var.  dia»a  (Fahr.),  Jiuschiatitt  puncHpea  [S&y], 
trUti^mtts    (Say),   Tkyanta   cvitator    (Fabr.),   Eeago 

rto.  2i,—sHTeint  Ttridts  Ubler,  Mcrocoris  disttnctvt  Dall.,  Anasa  armig< 
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DiPTEKA,  OR  Two-winged  Flies. — In  this  order  the  only  species 
Ihat  attack  tbe  worms,  and  probably  the  inotha  also,  belong  to  the 
Atiliia,  d  family  of  large,  fierce  flies 
thut  pounce  upon  other  insects  as  a 
hank  pounces  upon  other  birds,  and  suck 
their  substance  by  means  of  a  strong  ^ 
beak.  But  two  species — one  the  Procta- 
Mit(Aw  t^ilberti  Macq.  (see  Fig.  24),  the 
cither  an  undescribed  Anilvs — have  been 
seen  destroying  the  worm  so  far.  Asilus 
uricew  has  been  observed  to  catcfa  the 
iDOtha  ui>oD  tbe  wing,  afterwards  eating 
them;  while  Erax  apicalu,  MSmX.,  Diog-  ^^^°^^--^«'^'^'»'»^'^^  i^t<^ 
nitei  dUcolor  Loew,  and  several  8{>ccies  belonging  to  the  above-named 
^oera  and  to  Promachus,  Lapkrta,  and  Dtzonias  are  not  nncommon  in 
the  cotton  fields. 

These  flies  deposit  their  eggs  under  ground.  The  following  descrip- 
tion of  tbe  act  of  ovi[>osition  is  taken  from  a  note  by  Mr.  Ilubbard,  in 
the  American  Entomologist  (vol.  iii.,  p.  25U): 

"  1  ilw)  observed  a  light  yellow  J 8i/u«-^if  oviposit iu)i;  in  thegroiiDd  in  an  open  space 
iKtSHU  thccottoD  rows.  Sbe  insc-rted  lier  ubdumeti  to  a  diiptb  of  half  an  incii,  and 
(Itposiled  only  three  or  four  eggs,  wliith  I  ecciirud.  During  oviposition  sliu  imitjitpd 
01111)1  comically  the  actions  of  a  dog  dropping  its  ilnng,  and  after  fininbing,  immedi- 
altl;  taked  the  earth  into  and  over  the  hole,  apparently  very  carelesaly,  hut  no  elTeot- 
ivelj,  tbat  although  I  had  marked  with  my  eye  tbe  exact  spot,  I  failed,  to  detect  It, 
DnUl  I  imcarCbed  the  eggs.    The  eggs  are  ovnl,  yellowish  wkit«,  smooth,  and  quite 


Fn.  3i.— ifaiiti*  nniltnii 


OHTHorTBRA,  OB  STRAIGHT -WINGED  INSECTS.— The  Carolina  Mantis 
[Xantii  Carolina  L.,  Fig.  25)  is  also  occasionally  found  in  such  situa- 
tions, nsually  confining  itself  to  the  borders  of  the  fidtl.   U  i&tft  ^ift 
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regretted  that  this  voracions  insect  is  not  more  abandant  in  the  cotto 

fields;  bat  it  undoubtedly  (3.4 
stroys  many  worms.  It  1 
popularly  known  as  **the  rea 

O      y/THl^^SS^^     horse,"  "the  camel  cricket,"  o 

"the  devil's  riding  horse," anc 
feeds  upon  all  sorts  of  liviD| 

Fig.  2«. — Chrygopa:  o,  egea;  &,  larva:  c,  cocoons;  d,   ,  .  .       .  i.  -x 

fly,  with  left  winga  detached.    (After  Westwood.)  inSCCtS.      AS  an  inStanCC  01  IN 

voracity,  we  have  already  described  (First  Mo.  Ent.  Eeport,  p.  169)  hoir 

a  single  female  devoured  eleven  Colorado  PotMo-beetles  in  one  night. 

The  eggs  are  glued  tightly  together  in  a 

peculiar  mass  and  are  deposited  in  all 

sorts  of  situations,  but  principally  on  the 

twigs  of  trees.    The  eggs  are  extensively    p,^  ^^.chryiopa  with  egg.. 

infested  by  a  Chalcid  parasite  of  the  i*ackard.) 

genus  Podoffrion^  and  *he  adult  Mantis  is  destroyed  by  a  Tachina  liy. 
Neuroptera,or  Nerve- WINGED  Insects. — The  only  species  of 

this  order  that  are  likely  to  prey 
upon  Aletia  belong  to  the  Ant- 
lions  {Myrmsleonidce)y  the  Lace- 
wings  {ffemerobiid(€)j  and  the 
Dragon-Flies  {Libellulidcc).  The 
Ant-lions  work  in  the  larva  state 
in  pits  in  the  ground,  and  the  con- 

FiG.2B.-MijrmeU<m  obtoUttu.    (From  nanis.)     Staut   plowiug  thcrCOf  wiU   always 

prevent  them  from  doing  any  material  good,  and  they  are  naturally 
scarce.    The  Lace-wings  are  numerous,  but  their  larvae  feed,  like  the 
lad^'-birds,  on  the  plant-lice,  and  have  refused  to  touch  Cotton 
Worms  when  confined  in  boxes  with  them.    The  curious  eggs 
of  these  flies  (Fig.  27),  attached  to  the  end  of  a  delicate  filament, 
are  often  supposed  to  be  those  of  Aletia.    Many  planters  state 
that  these  flies  are  always  to  be  found  where  there  are  larvae  of 
Aletia,  and  Dr.  Phares  states  that  their  larvje  devour  the  eggs  ^     ^^ 
and  young  Cotton  Worms.    This  is  not  improbable,  tfiough  his  i*rv»- 
statement  is  as  yet  uncoofirmed  by  other  observers.    The  larvae  hav< 
been  seen  by  Mr.  Trelease  feeding  upon  the  nectar  of  the  foliar  glands 

The  Dragon-flies  or  Mosquito-hawks  are  aquatic  in  the  larva  state,  bui 
the  perfect  Insects  are  active  in  their  pursuit  of  prey  while  on  the  wing 
and  are  reported  on  good  authority  to  attack  Aletia  both  in  the  worn 
and  moth  states.  Fig.  30,  Libellula  trimaculata^  is  one  of  the  commone: 
species. 

Dr.  F.  M.  McMeekin,  of  Morrisop.'s  Mills,  Alachua  County,  Florida 
considers  them  as  the  most  valuable  enemies  of  Aletia,  and  states  tka 
it  is  a  common  sight  to  see  them  catch  the  moths  on  the  wing. 

Lepidoptera. — Butterflies  and  Moths. — It  is  incon testable 
proveu  by  the  evidence  of  almost  every  observer  we  have  sent  into  thefiel< 


Fia. ».- 
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during  the  past  five  years  that  the  Boll  Worm  {Heliothis  armigera)  when 
approaching  fall  growth  develops  a  strong,  carnivorous  appetite,  and 
Dot  only  destroys  the 
smaller  worms  of  its  own 
species,  but  also  enters 
the  loose  cocoon  of  the 
Cotton  Worm  and  feeds 
upon  the  inclosed  pupa. 
There  is  good  evidence 
that  the  Orass  Worm 
(Laphygma  frugiperda) 
occasioDally  eats  the  Cot- 
ton Worms,  a  fact  which 
seems  probable  from  the 

known     habits      of      La-  TiQ.20.—LibeUulatHmaeulata,    (After  Sanbom.) 

p%flia,and  even  the  Aletia  larva,  like  many  other  species  of  its  order, 
when  hard  pressed,  will  develop  cannibal  propensities. 

PARASITES. 

Up  to  the  time  of  the  appearance  of  the  first  edition  of  this  work  in 
January,  1880,  or  rather  up  to  the  time  of  the  appearance  of  a  prelim- 
inary article  by  us  in  the  Canadian  Entomologist  for  September,  1879,  no 
parasites  of  the  Cotton  Worm  had  been  recorded  by  name  so  as  to  be  rec- 
ognized by  entomologists,  and  the  belief  was  quite  general  that  Aletia 
▼as  entirely  free  from  parasitic  checks.  This  belief,  as  we  have  already 
Ken,  was  used  by  Mr.  Orote  as  an  argument  in  favor  of  the  arrival  of 
Aletia  de  novo  from  some  foreign  country  whenever  it  appears  with  us. 
The  fact  remains,  however,  thaf  one  of  the  most  important  of  these  par- 
asites bad  been  mentioned  without  name  by  six  writers  at  least,  and 
tbattwo  tolerably  good  figures  of  the  species  had  been  published.  In- 
deed, the  very  fact  of  the  existence  of  such  a  parasite  had  been  used  by 
Dr.  Oorham  to  found  a  theory  similar  to  Mr.  Grote's,  as  we  shall  show, 
wider  the  head  of  "  History  of  the  literature." 

The  following  species  have  been  discovered  since  we  began  this  Cot- 
ton Worm  investigation.  The  observations  of  the  past  two  years  have 
^ded  four  parasites  to  those  published  in  the  first  edition  of  this  work : 
Infesting  and  issuing  from  the  egg: 

(1.)  Trichogramma  pretiosa  Eiley. 

Infesting  and  issuing  from  the  worm  (the  parasitism  of  No.  6  doubtful) ; 
(2.)  Apanteles  aletia  Eiley. 
(3.)  Uuplectrua  comstocMi  Howard. 
(4.)  Sarcopluiga  sarracenice  Eiley. 
(5.)  Gyrtoneura  stabulans  Fallen. 
(6.)  Tackina  aletias  Eiley. 
(7.)  Tachina/ratema  Comatock, 
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Infesting  and  issainir  from  tlie  chrysalis: 
(8.)  Pivipla  conquisitor  Say. 
(9.)  Pimpla  annuKpea  Br. 
(10.)  Gryptua  nuncim  Say. 
(11.)  Chakis  ovata  Say. 
(12.)  Cirrospilua  eaurwt  Riley. 
Species  issuing  from  the  chrysalis  and  not  trne  parasites  0 
though  easily  mistaken  for  snch: 
(13.)  Hexapimta  zigzag  lliley. 
(14.)  Pkora  aletiw  Comatock, 

Infestu^  and  imtiu^  from  the  Egg  — The  Trichograhma  Eoo-i 
(Tnekogramma  prettosa  Biltj)^  Attacting  Aletia  in  its  earli 
the  tinhatched  egg,  this  winged  atom  must  be,  when  abi 
most  effectual  check,  and  the  scarcity  of  the  Cotton  Worm 
seasons  may  doubtless 
ascribed  to  its  work, 
leist  known  that  a  sii 
parisite  ha&  in  the  Ncv 
W  States  relieved  the  sb 
fc^  from  the  ravages  of 
worms — a  good  deed 
Enropein  sparrows, 
stinding  they  rece 
credit  for  it,  were  unt 
complish.  This  Trich 
18  a  yellow  fly,  so  s 
were  it  not  for  its  a 
jumping  it  could  not 

Fio  31  —rnehoyraTama  prflwmi   a    foniBlfi    6   lip  of  ffUlshed    Uv  tlie  UUaiC 

greadj  onUrgedj    (Oti([iniii )  ail  animated  being,  ai 

sufficient  nounsbment  in  a  single  egg  of  the  Aletia  to  support  i 
.  and  maturation.  It  emerges  from  a  rouud  hole  which  it  gnaw 
the  egg-shell,  and  eggs  infested  by  it  or  which  have  been  des 
it  may  be  recognized  by  their  bluish  or  blackish  color  or  tht 
of  this  perforation.  When  examined  under  the  microscope,  t 
fly  is  found  to  be  an  object  of  much  beauty,  the  hairs  upou 
being  arranged  iu  regular  lines.  Some  specimens  of  both  s 
male  may  be  dif\tinguished  by  the  bristly  antenme^were  four 
one  or  more  of  the  wings  imperfectly  developed,  presenting  ti 
ance  of  a  paddle.  The  accompanying  figure  (Fig.  31)  will  sen 
trate  its  character  and  render  further  description  nnnecessar; 
This  minute  creature  was  first  noticed  by  Professor  Oomsto< 
near  Selma,  Ala.,  and  iu  October,  1S79,  we  found  it  quite  c 
Mississippi,  Alabama,  and  Georgia,  fully  oue-flfth  of  the  egj 
fields  being  infested.    Mr.  Schwarz  found  it  rather  rare  iu  1 
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ucordiog  to  Mr.  Habbard  it  is  very  abundaut  in  Florida.  The  obser- 
T&tions  of  the  latter  are  interesting  and  well  illustrate  the  importance 
of  the  species.  He  found  that  this  little  egg-parasite,  nnaided  aiid 
alone,  almost  completely  annihilated  the  fifth  brood.  At  the  beginning 
aCthe  fourth  brood  less  than  half  tho  eggs  of  Aletiawere  destroyed. 
Jaly  27,  when  the  eggs  of  this  brood  had  nearly  all  been  deposited, 
about  Tu  per  cent,  were  found  to  have  been  parasitized,  the  proportion  in 
ume  parts  of  the  field  reaching  90  per  cent.  Abont  the  middle  of  An- 
gnat,  while  the  eggs  of  the  fifth  brood  were  being  laid,  the  proportion 
destroyed  by  the  Trichogramma  exceeded  90  per  cent,  in  all  parta  of 
the  fidds,  while,  at  the  brood  centers,  careful  estimates  showed  that  but 
time  or  four  eggs  ont  of  a  hundred  escaped.  He  gives  the  following 
uaioDt  of  the  eggs  of  the  species : 

"The  mother  works  chiefiy  by  day,  depositing  two  ova  in  each  egg  of 
Aletia  or  Heliothis.  The  eggs  of  tbo  parasite  hatch  in  forty-eight  hoars, 
chile  that  of  their  host  darhens,  and  in  a  few  days  turns  almost  black. 
On  the  seventh  day  after  being  stung  it  is  vacated  by  the  ]iarasit«s, 
which  issue  through  an  irregular  hole  gnawed  in  the  side,  each  making  its 
own  opening.  Frequently  after  the  inclosed  parasites  have  formed  their 
pnpatbe  shell  of  the  Aletia  egg  shrinks  about  them,  leaving  two  little 
OTil  cells  indicating  the  positions  of  the  parasites  within.    A  day  or 


t»o  before  they  issue  the  rubyeolored  pupae  of  the  parasites  cau  be 
plainly  distinguished  through  the  translucent  shell  of  the  destroyed 
egg.  I  have  invariably  obtaiued  two  Chalcids  from  each  discolored 
egg  of  Aletia  or  Heliothis  collected." 
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Oar  experience  accords  with  that  of  Mr.  Hubbard,  thoagh  the  namb€ 
infesting  a  single  egg  is  not  invariably  two.  We  have  often  obtainec 
bat  one  from  a  single  egg^  and,  according  to  Mr.  Schwarz's  experience, 
three  may  exceptionally  be  obtained.  As  will  have  been  gathered  from 
Mr.  Hnbbard's  notes  quoted  above,  the  Trichogramma  has  been  raised 
firom  the  eggs  of  Heliothis  armigera — the  Boll- Worm  moth.  It  has  also 
been  reared  from  the  eggs  of  Laphygma  frugiperda^  the  Grass-Worm 
moth,  and  from  the  eggs  of  an  unknown  Tortricid  on  orange.  We  hare 
also  found  a  minute  yellow  parasite  of  somewhat  similar  general  ap- 
pearance  and  easily  mistaken  for  it,  but  in  reality  very  distinct  when 
carefully  examined,  infesting  the  larva  and  the  pupa  of  an  undescribed 
Aleurodes  that  is  common  on  cotton,  two  or  more  flies  issuing  from  each 
Aleurodes.*** 

Infesting  and  issning  from  the  Worm. — The  Cotton-worm  Michooasteb.— 
This  si)ecies,  described  by  us  as  Apanieles  aletiwj^  has  been  very  fire 
quently  found  during  the  past  few  seasons  in  Florida,  Alabama,  and 
Texas.*^  The  egg  is  laid  in  the  posterior  portion  of  the  body  of  partly 
grown  larvsB  of  Aletia  (never  in  very  young  or  full-grown  worms).  I 
is  a  solitary  parasite,  only  one  specimen  infesting  a  single  Cotton  Worm 
We  quote  the  observations  upon  the  species  made  by  Mr.  Hubbaiid 
who  has  watched  it  more  carefully  than  any  of  the  other  agents :  "Lat 
in  August,  while  the  worms  of  the  fifth  brood  were  in  process  of  devel 
opment,  I  discovered  on  the  underside  of  lower  leaves  of  cotton  §h< 
upon  grass  growing  under  the  shade  of  the  oak  tree  at  the  center  c 
this  b.rood,  a  number  of  little  oval  cocoons  of  white,  flossy  silk,  about  4F 
(0.16  inch)  long.  Close  beside  these  dangled  the  dead  body  of  a  youn 
cotton  worm,  suspended  from  the  leaf  or  from  the  cocoon  by  a  threa 
of  silk.  In  about  a  week  each  cocoon  produced  a  Microgaster  (mos 
of  my  notes  relating  to  this  parasite  having  been  lost,  I  am  unabl 
to  give  the  exact  periods  in  which  it  undergoes  its  transformations 
Subsequently  I  observed  the  larva,  naked  and  memberless,  its  bod 
tinged  with  green  by  the  juices  of  its  prey,  in  the  act  of  spinning  it 
cocoon.  The  larva  forms  the  exterior  by  throwing  out  loops  of  rop 
fluid  which,  under  a  lens,  are  seen  to  become  rigid  as  they  fall,  and  t 
harden  rapidly,  forming  rather  a  coarse  strand  of  white  silk,  which  i 
often  beautifully  furred.  These  loops  are  piled  one  upon  another  an 
the  walls  of  the  cocoob  rise  rapidly  until  they  meet  overhead.  The  ii 
side  is  lined  in  the  manner  usual  with  lepidopterous  larvae  until  tt 
whole  has  become  opaque.  The  process  of  spinning  occupies  about  tw 
hours'  time.  After  August  20,  nearly  all  the  young  larvae  of  Aletia  co 
lected  were  found  to  contain  this  parasite,  which  kills  and  emerge 
firom  the  worms  when  they  have  attained  a  quarter  of  their  fall  growtl 
In  quitting  its  host  the  parasite  maintains  its  connection  with  the  bod 

*  Transactiona  of  the  Academy  of  Soienoe  of  St.  Loqis,  VoL  4,  Ko.  2. 
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of  tbe  latter  by  means  of  a  single  threadr  After  crawling  to  a  distance 
of  aboat  half  an  inch  it  fastens  this  thread  to  the  surface  of  the  leaf, 
and  be^ns  its  cocoon.  The  body  of  the  caterpillar  is  dislodged  in  time, 
and  falls  from  the  leaf,  but  usually  remains  suspended  by  the  connect- 
ing thread.  As  the  parasitic  grub  within  its  body  increases  in  size,  the 
youog  cat^jrpillar  weakens  and  often  falls  to  the  ground,  in  which  case 
the  parasite  climbs  the  nearest  blade  of  grass  and  there  makes  its  co- 

COOD." 

In  escaping,  the  fly  makes  a  lid-covered  opening  in  the  cocoon,  as  do 
tbe  other  members  of  the  genus.  Mr.  Schwarz  is  T)f  the  opinion  that 
this  parasite  does  not  always  kill  the  worm,  as  upon  several  occasions 
he  raised  to  the  perfect  state  worms  which  were  scarred  upon  the  pos- 
terior end  of  the  body,  just  as  if  one  of  these  parasites  had  emerged. 
Two  secondary  parasites  have  been  bred  from  the  Apanteles — the  one 
aChalcid^^  and  the  other  an  Ichneumonid  belonging  to  the  genus 
Emitele^. 

CoMSTocK's  EuPLECTRus.— Professor  Gomstock,  in  the  Eeport  on  Cotton 
Insects,  1879,  figured  and  quoted  passages  from  his  notes  concerning 
a  parasite  of  the  Cotton  Worm,  which  he  called  "  the  unnamed  Chalcid.'^ 
In  the  August  (1880)  number  of  the  Canadian  Entomologist  the  species 
was  described  by  Mr.  Howard  as  Euplectrm  comstockii.  This  description 
he  has  somewhat  revised,  and  it  will  be  found  in  the  notes.**  During 
1^  this  parasite  was  studied  by  us  and  by  diJBferent  agents  of  the  Com- 
mission in  Alabama  and  Florida,  and  in  the  January  (1881)  number  of 
the  American  Naturalist  Mr.  Schwarz  gave  a  very  full  account  of  its 
hfe  history.    From  this  article  we  take  the  following  facts : 

The  egg  of  the  parasite  is  elongate,  oval,  strongly  convex  above  and 
somewhat  flattened  beneath ;  no  sculpture  is  visible  under  an  ordinary 
lens.  Its  color  is  un  iformly  brown , 
and  almost  black  just  before 
hatching.  The  number  of  eggs 
laid  by  the  female  Euplectrus  on  ^ — =lf^  ^'y^  ^^ 

a  single  Cotton  Worm  varies  from  ^^^  33.-.Aietia  larva  infesud  by  lai-v*  of  EupUc^ 
one  to  fifteen,  the  most  common  ^rMiwmitockn.  (Original.) 

numbers  being  three,  five,  and  seven.  They  are  always  laid  in  a  group, 
the  individual  eggs  sufficiently  separate  from  each  other  to  allowtfoom 
for  the  development  of  the  larvae.  It  seems  altogether  probable  that  the 
time  required  for  the  development  of  the  eggs  does  not  exceed  two  days. 
The  Cotton  Worms  attacked  by  these  parasites  are  usually  less  than 
one-third  grown,  but  not  less  than  one  day  old.  The  eggs  of  the  para- 
site are  laid  on  the  middle  of  the  back  of  the  worm,  sometimes  a  little 
to  one  side  or  the  other,  and  upon  one  occasion  they  were  seen  fastened 
just  above  one  of  the  middle  pair  of  thoracic  legs. 

The  delicate  egg-shell  splits  longitudinally  and  discloses  the  white 
|arva,  \yhich  gradually  works  the  shell  down  the  sides  of  its  body  until, 
ID  less  than  twelve  hours^  it  disappears  below  the  rapidly  •gxo^Viig'p^x^ 
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site.  This  last,  as  soon  as  it  has  freed  its  head  from  the  egg-8h( 
pierces  the  skin  of  its  victim  and  thereafter  remains  stationary  \rith 
head  baried.  As  soon  as  it  has  fairly  begun  to  feed  the  white  co 
changes  to  abright  bluish-green.  The  growth  of  the  larvais  very  rapid,  I 
seems  to  vary  according  to  the  season,  averaging  three  days  in  Augi 
and  four  days  in  September.  When  full-grown,  the  larvae  ^rowd  ea 
other,  and  if  there  are  five  or  more  of  them  on  a  caterpillar  they  fomi 
semi-globular  lump  of  very  striking  appearance.  (Fig.  33.)  Usually  th( 
growth  is  uniform,  and  retardation  in  develop- 
ment of  individuals  in  the  group  results  in 
death.  When  full-grown  they  turn  yellowish- 
white  and  relax  their  hold.  The  worm,  which 
up  to  this  time  showed  no  signs  of  being  af- 
fected, except  by  its  sickly  yellowish  color  and 
by  its  very  slow  growth,  collapses  and  dies  as  ,  ^'^"  ?*--^*r*I  f*^^**^,-^^ 

•'  ./  o  7  X  faatem^d  to  a  leaf  by  Eupleci 

soon  as  a  single  one  of  the  parasitic  larv®  cocoom.  (Original.) 
withdraws,  and  the- same  fate  overtakes  those  Euplectrus  larv£B  whi 
are  at  the  time  less  advanced  in  their  development  or  immature.  If  c 
of  the  parasitic  larvae  be  removed  by  hand,  both  the  victimized  wo 
and  the  remaining  parasites  quickly  dry  up.  The  parasitic  larvae  alws 
remain  stationary  on  the  worm  which  the  parent  fly  has  chosen  as 
victim,  and  they  never  even  move  from  the  spot  where  the  egg  has  \h 
laid  until  they  are  full-grown.  Every  attempt  made  to  transplant 
parasite  from  one  worm  to  another  invariably  resulted  in  the  death 
the  parasite. 

In  preparing  for  pupation,  the  larvae  manage,  by  a  peculiar  elon, 
tion  and  sudden  contraction  of  t^eir  abdominal  joints,  to  work  fr 
the  back  of  the  worm  to  the  ventral  or  attached  side,  where  they  S] 
fine,  silken  threads  which  morje  fully  secure  the  worm,  which  is  n 
a  mere  empty  skin,  to  the  leaf.  As  the  Euplectrus  larvae  take  th 
places  side  by  side,  the  caterpillar  skin  is  fastened  its  whole  length 
the  leaf,  if  there  are  five  or  more  of  the  parasites;  but  if  there  are  fe^ 
only  one  portion  of  the  skin,  usually  the  anterior  end,  is  fastened,  1 
remaining  portion  either  hanging  down  or  breaking  oflF.  This  wel 
the  Euplectrus  larvae  consists  of  an  irregular  mesh  of  yellowish- wh 
silk,Tecalling  some  kinds  of  mold,  and  is  spun  to  secure  the  caterpil 
skin  to  the  leaf,  in  addition  to  a  few  other  threads  to  prevent  the  pii 
from  being  moved  from  its  place.  (Fig.  34.)  Protected  by  the  caterpil 
skin  as  by  a  roof,  the  Euplectrus  larva  changes  to  a  pupa,  the  color 
which  is  dark  honey-yellow,  with  the  head  and  abdomen  very  soon  i 
coming  pitchy  black.  The  duration  of  the  pupa  state  varies  from  thi 
to  eight  days.  The  Euplectrus  is  subject  to  the  attacks  of  a  8ec< 
dary  parasite  of  its  own  family  {Elachistus  euplectri)^^  and  its  pupa 
sometimes  destroyed  by  another  enemy,  probably  some  Carabid  beet 
It  is  very  common  in  the  vicinity  of  Selma,  and  in  October,  1880, 
compaDy  with  the  Apanteles  aletiw^  it  caused  the  almost  complete  i 
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atraction  of  the  wnniia       This  Rpecies — comstockii — ia  by  no  means 
eoDfined  in  its  attacks  to  Aletia  larvae,  but  bas  been  bred  from  or 


FiC.  3S. — Eapleetrut 

fonnd  upon  Prodenia  lineatelta  and  Laphygmafrvgiperda.    From  the  La- 
phjgma twenty-fi^e  parasites  were  reared  from  a  single  larva. 

The  coujioN  Flesh-fly. — Several  species  of  fliea  belonging  to  well- 
inowu  parasitic  genera  have  been  found  to  infest  the  worm.  One  of 
these  is  the  common  Flesh-dy,  and  a  male  specimen  bred  from  Aletia 
iloes  not  differ"  materially  from  small  specimens  obtained  from  the 
decaying  insects  found  in  the  pitchers  of  the  spotted  pitcher-plant 
larracenm  variolaris),  and  to  which 
we  have  given  the  name  otSarcopkaga 
sarracenia. 

These  Hies  (Fig,  36)  lay  elongate  and 
delicateeggfl,  which  hatch  very  quickly. 
They  sometimes  hatch,  in  fact,  within 
the  oviduct,  so  that  the  fly  gives  birth 

^  ''IC  X  -S<%rtap),aga  nitra€f»ia :  a.  I«rv. ;   tO  liviug  maggOtS.      The  maggOt  .pOU- 

^''n«Vi«^h;l'V.'1ni'.rEt.i''h™dmrir™t  etrates  the  skin  of  the  worm  or  the 
*'"i»i  p!^nwTc^pi™"it1''™eBrf'onKHly  chrysalis,  asthe  case  may  be,  and  feeds 
^J^t;'t°ui^"/m'*f'dyw"hvro'tei!i!  upon  thofatty  tissucs  withiH,  acquSting 
'■^Kwier  j"""""  ''^'^°"''  "*"  '"'"'^sfi.  full  growth  and  issuing  sometimes  be- 
fore but  usually  after  its  victim  has 
•^nsrormcd  to  the  chrysalis  stat^.  Dropping  to  the  ground,  it  burrows 
"^iieath  the  surface,  and  rapidly  contracts  to  the  papa  state,  from  which 
*■**«  perfect  fly  iu  due  time  issues.  The  species  has  been  obtained  from 
^oeCotton  Worm  iu  Alabama,  Georgia,  and  Texas,  and  is  indeed  wide- 
spread over  the  country.    It  is  most  abundant  ia  autamn,  and  ^aftsft& 
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the  winter  in  both  the  pupa  and  fly  states.  From  the  known  prefer- 
ence of  this  fly  for  decaying  or  putrescent  flesh,  it  is  probable  that  the 
female  is  attracted  more  to  diseased  or  injured  chrysalides  than  to  vig- 
orous worms. 

Another  species  {Cyrtoneura  stdbulans  Fallen,  Fig.  37),  the  habits  of 
which  are  rather  predaceous  than  parasitic,  was  figured  and  described, 
but  not  identified,  in  the  Department  Keport  on  Cotton  Insects.  We 
may- appropriately  consider  it  here,  though  it  really  preys  upon  the 
chrysalis.  Seven  larvae  emerged  from  eggs  which  had  been  depositecl 
upon  the  leaves  surrounding  Aletia. pupae,  and  reached  full  growth  ii 
ten  days,  having  meantime  devoured  six  Aletia  pupae.  They  then  en 
tered  the  ground  and  remaiueil  in  the  pupa  state  five  days. 

We  have  also  obtained  this  fly  from  Aletia  chrysalides,  and  qnot 
the  following  passages  from  ihe  Ame^'ican  Naturalist  (September,  188! 
p.  746),  as  bearing  on  the  ques- 
tion whether  it  is  a  parasite 
or  a  scavenger: 


Is  Cyrtoneura  a  Parasite  or 
Scavenger  f — Last  spring  wo  sent 
specimens  of  a  Muscid  for  determi- 
nation to  Mr.  R.  H.  Meade,  Brad- 
ford, England,  and  he  kindly  wrote 
us  as  follows  regarding  this  species 
which  was  bred  from  chrysalides  of 

the  Cotton  Worm : 

itm-L      1^-    X  .  X        1  •  T-   T       Tig,  27.  -Cyrtoneura  stabxtlant:  a,  ef[fi  (vtAtiiTiUHite); 

"The  Dipterous  insects  which  I  ejrjr  (eularged) ;  c,  larva  (enlarged) ; d.  head  and  finit  th 
received  yesterday  are  one  male  and  ^cic  sigment  of  larva,  stUl  more  highly  magnified; 
^  piipaiium;/,  adult,  nataral  size  indicated  bynair  lio 

two  females  of  Cyrtoneura  atabuiana  (After  Comstock.) 

Fallen.  This  fly  is  common  throngh- 

out  Enrope,  and  also  occurs  in  North  America,  according  to  Loew  and  Walker  (6 

Osten  Sacken's  Cat.  of  Dipt,  of  N.  A.,  edit.  2d,  p.  163).    The  larvae  ueually  feed  np 

decaying  vegetable  substances,  as  fungi,  &.c.,  but  Schiner  (Fanna  Austriaca,  Dip 

Vol.  1,  p.  597)  says,  according  to  Bremi  and  Hartig,  they  also  live  upon  the  larvs 

Lepidoptera  and  bees.    It  is  a  very  interesting  fact  that  they  also  eat  the  Cottc 

worms.    Your  American  specimens  seem  to  be  perfectly  identical  with  my  Briti 

ones,  but  are  rather  smaller.    I  may  add  that  the  genus  Cyrtoneura  Macq.  beloD 

to  the  family  of  the  true  Muscidai."* 

There  can  be  no  doubt  that  the  Cyrtoueuras  we  bred  issued  from  pnpse  of  Alet: 

but  as  the  usual  habits  of  the  species  are  those  of  a  scavenger,  some  doubt  has  aris 

in  our  mind  as  to  whether  it  is  a  tnie  parasite.     We  recall  to  our  readers  anotb 

dipterous  insect,  the  Phora  alctice  Comstock,  which  has  been  called,  by  ita  describe 

one  of  the  most  important  parasites  of  the  Cotton-worm,  and  which  uevertheh 

turns  out  to  be  a  mere  scavenger.     Cyrtoneura  atahuJans  may,  like  this  Phora,  lay  t 

eggs  on  the  decaying  pupto  of  Aletia,  which  are  so  commonly  met  with  at  the  tii 

the  worms  have  defoliated  the  fields  and  have  also  eaten  the  leaves  which  shelter 

the  chrysalides.     These  chrysalides  when  exposed  to  the  light  and  heat  of  the  s 

are  very  liable  to  rot,  and  on  examining  the  chrysalides  hanging  on  the  defoliat 

plants,  by  far  the  larger  portion  of  them  will  be  found  to  be  rotten,  many  contaiuL 


*See  also  Mr.  Meade's  note  on  the  same  sabject  in  tbe  (London)  EntomologtMt,  June,  1S82, 
140>141. 
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Um  luTs  of  Phora,  some  the  larva  of  tliiit  Cjrtoneura,  while  the  largest  portion  coq- 
tiio  ddIj-  a  badly  smellmg  Qaid.  If  further  observationN  pmve  that  this  fl;  iiifeata 
DDlf  inch  chrysalides  and  cannot  be  bred  from  tho  living  Alutia  larva,  it  cannot  be 
couidered  a  trae  paroaite. — C  V,  Eile;/. 

The  Tachina  Flies. — Tbe  other  Dipterous  flies  belong  to  tlie  ^enua 
Tackina.  The  first  of  these  was  described  by  us  in  tbe  Canadian  En- 
temlogUt,  1879  {Vol.  XI,  p.  162)  as  Tackina  a(e(i<r,^  and  is  the  most 
abandant  Dipterous  enemy  of  Aletia.  It  measures  about  one-tliird  of 
ao  ioch  in  leu^h,  and  is  more  robnst  nnd  slightly  larger  than  tbe  com- 
mon hoase-fly,  from  which,  as  well  as  from  the  Sarcopkaga  {which  is 
less  robust  than  tbe  Tachina),  it  may  be  distinguished  by  having  the 
bristle  of  tbe  antennie  smootb  and  not  bairy.  These  Tachina  flies  are 
more  completely  parasitic  tbao  tbe  flesh-fly  above  mentioned,  and  their 
eggs  are  harder,  more  polished,  and  very  firmly  attached  to  the  worm, 
uaually  just  behind  the  head,  where  they  cannot  be  molested.  The 
larvEc  or  maggots  have  the  same  habits  and 
mode  of  transformation  as  those  of  Sarcophaga, 
and  the  accompanying  figure  (Fig.  38)  of  Ta- 
china Jlaricauda  Riley,  will  serve  to  illustrate 
the  flies.  Occasionally  these  maggots  are  not 
full  fed,  aQ<I  do  not  destroy  tbe  Aletia  till 
after  it  has  assumed  the  chrysalis  state,  but 
ordinarily  tbey  issue  from  the  worm  itself, 
which  is  frequently  infested  by  more  than 
Ri!.3i_r*unw-t^pd  T»chiii»-flr.  one.  The  species  was  reared  from  chrysalides 
'^         *'■'  seutbyMr.Grotefrom  Savannah  and  by  others 

from  various  parts  of  tbe  South,  including  tbe  States  of  Alabama,  Mis- 
eisaippi,  and  Texas. 

ADother  species  of  Tachina  has  been  described  by  Professor  Comstouk 
(Annual  Report  of  Commissioner  of  Agriculture,  1879,  p.  303)*  as  T./ra- 
■"TMjrcsembliDgT.alefMc  quite  closely,  but  found  to  differ  upon  careful 
eiamination. 

The  Qomber  of  worms  killed  by  these  Tachlnid  flies  is  very  hard  to  es- 
•Jniata  Their  eggs  are  very  common  on  tbe  backs  of  the  cotton  cater- 
■•illars,  especially  towards  the  end  of  the  season,  occiisionally  as  many 
•sSor  10  eggs  being  found  upon  a  single  worm.  Observers  have  esti- 
"ited  at  different  times  the  proportion  of  worms  thus  parasited,  and  it 
"^  occasionally  reached  as  high  as  40  per  cent. ;  but  all  who  have  ob- 
Wrred  these  parasites  at  all  have  been  struck  by  the  fact,  in  the  first 
P'*»,  that  a  very  large  number  of  the  eggs  are  discarded  with  the  cast- 
*ff  skins  at  molting,  and  so  the  larv»  which  hatch  die  for  want  of  sus- 
^snce,  and,  in  the  second  place,  that  tbe  Tachinid  larvie  destroy  one 
*>iother  qnite  as  readily  as  they  feed  upon  the  caterpillars.  It  is  true 
tliat  Mr.  Trelease  has  recorded  an  instance  in  which  a  akin  was  shed 
without  removing  an  egg,  but  this  we  mustrsgard  as  exceptional.    The 
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reader  interested  in  the  minute  differences  that  separate  the  maggots  of 
thel^e  two  genera,  Sarcophaga  and  Tachina^  which  similarly  affect  the 
Cotton  Worm,  is  referred  to  the  notes.^  Mr.  Hubbard  has  made  some 
interesting  observations  on  the  larval  habits  of  one  of  these  insects, 
probably  Sarcophagid,  which  we  quote: 

'<  Another  fly,  Tachinid  (f ),  destroys  the  pupa  of  Aletia,  but  appears  to 
be  rather  predatory  than  truly  parasitic.    Its  eggs  are  white,  elongate, 
and  longitudinally  carlnate.    I  have  found  them  deposited  upon themos- 
lin  covering  of  jars  containing  pupae  of  Aletia  and  Heliothis,  and  also  in 
the  field  within  the  webbed-up  leaves  containing  the  chrysalis  of  Ale- 
tia.   The  following  notes  give  all  that  I  have  preserved  relative  to  th^r 
natural  history.    Tachinid  (f )  fly.  Eggs  laid  August  9  or  10  on  mus- 
lin cover  of  jar  No.  2,  which  contained  several  pupae  of  Helioihu  at- 
migeraj  all  covered  with  earth,  also  feeding  worms  of  same,  withfrasa 
and  cotton  leaves,  bolls,  &c.    Eggs  hatched  during  the  night  of  Au- 
gust 11,  and  the  maggots  disappeared  into  the  jar.    Two  flies  emerge^] 
from  beneath  the  surface  of  the  earth  August  17.    August  19,  examine^ 
the  jars  and  found  several  pupsB  destroyed  by  the  fly  maggots,  alsf 
two  or  thriee  puparia  from  which  the  flies  had  not  yet  emerged. 

^^Angust  5.  Found  in  the  field  an  Aletia  pupa,  containing  a  mott 
fully  formed,  but  from  which  the  maggot  of  a  Tachinid  (f )  fly  was  rap 
idly  pushing  off*  the  pupa  covering.  It  rooted  about  with  its  hookec 
jaw  like  a  hog,  and  very  soon  had  the  body  of  the  moth  reduced  U 
fragments.  In  about  three  hours  the  contents  of  the  moth's  body  wen 
transferred  to  that  of  the  maggot,  which  rapidly  increased  in  size  anc 
pupated  to-day.  As  I  saw  the  maggot  almost  when  it  first  began  iti 
work,  and  it  was  then  more  than  half  grown,  I  am  at  a  loss  to  under 
stand  how  this  footless  grub  managed  to  reach  this  pupa  after  haviu j 
been  partly  fed  upon  another  pupa  and  on  another  leaf.  In  a  searcl 
made  to-day  in  the  field  I  found  another  nearly  full-grown  maggot,  bn 
in  this  case  there  were  two  Aletia  pupae  webbed  in  the  same  leaf.  TIb 
maggots  had  already  entirely  eaten  one  of  them  and  was  feeding  upm 
the  second.  On  August  5  I  found  the  first  specimens  of  this  maggc^ 
but  only  noticed  in  one  case  that  there  was  a  second  pupa  of  Alet' 
webbed  on  the  same  leaf.  In  my  breeding- vials,  if  several  of  these  ma^ 
gots  are  confined  together,  and  the  slightest  scarcity  of  food  exists,  the 
turn  upon  eaeh  other.  I  believe  the  mother  fly  nearly  always  lays  t^ 
or  more  eggs  together.  The  young  maggots  are  thus  enabled  to  destr^ 
very  rapidly  and  eat  the  whole  of  a  pupa,  a  part  of  which  would  dry  ^ 
if  there  was  but  one  maggot.  When  all  the  food  is  consumed  the  maa 
gots  eat  each  other,  until  but  one  is  left.  In  this  way  a  single  pa  : 
will  suffice  for  a  maggot,  because  there  is  no  waste.  In  the  field  th 
maggots  are  becoming  more  numerous,  but  are  not  by  any  m 
abundant. 
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"Aogast  20y  on  the  under  side  of  a  lower  leaf  (cotton),  I  found 
two  dipterous  maggots,  each  aboat  three  lines  long  and  apparently 
identical  with  those  found  eating  the  pupa  of  Aletia.  On  this  leaf 
▼ere  no  other  living  objects,  except  a  few  minute  Aphids.  The  mag- 
gots were  busily  exploring  the  surface  of  the  leaf,  raking  it  with  their 
jaw-hooks,  but  without  cutting  the  epidermis.  To  one  of  the  inaggots  t 
gave  the  crushed  body  of  a  hemipteron,  upon  which  it  fed  for  a  short 
time  only.  I  then  gave  it  one-half  of  the  body  of  a  caterpillar,  which 
it  immediately  entered  from  the  ruptured  end  and  began  feeding  rav- 
enously. The  other  maggot  I  placed  upon  the  body  of  a  living  cater- 
pillar. It  at  once  took  hold  with  its  hook  and  began  to  twist  its  body 
roond  and  round  like  a  gimlet.  The  caterpillar  winced  several  times, 
and  five  minutes  later  it  plucked  the  maggot  off  with  its  jaws  and 
jerked  it  to  such  -a  distance  that  it  fell  clear  off  the  leaf  and  upon  the 
gioond.  The  maggot  appeared  to  be  injured,  and  afterwards  refused  to 
take  hold  when  replaced  upon  the  caterpillar.  The  other  maggot  was 
placed  upon  the  body  of  a  living  caterpillar,  but  was  thrown  off  again 
without  securing  a  hold.  I  afterwards  killed  a  caterpillar  by  pinching, 
without  rupturing  its  head,  but  this  the  maggot  refused  to  bore  into. 
These  maggots  were  afterwards  f •  d  upon  Aletia  pupse,  which  at  first  I 
had  to  crash  for  them.  When  nearly  full  grown,  having  been  accidentally 
overlooked  and  ill  supplied  with  food,  I  found  each  in  the  act  of  eating 
the  other,  and,  of  course,  both  died." 

Iming  from  the  Chrysalia. — ^The  foregoing  species  issue  in  the  larva  or 
maggot  state  mostly  from  the  worm,  and  usually^  undergo  their  trans- 
formations independently  of  their  host.  All  the  other  parasites  yet  to 
be  mentioned  undergo  their  transformations  within  the  chrysalis  and 
gnaw  their  way  out  of  the  more  or  less  completely  emptied  shell  as  per- 
fect insects.  The  Aletia  is  attacked,  however,  in  the  larva  state,  the 
parent  parasite  stinging  and  laying  her  eggs  beneath  the  skin  of  the 
worm,  the  parasitic  larv»  affecting  the  vital  parts  only  after  the  trans- 
formation of  the  victim  to  the  chrysalis  state. 

The  WATOHFUii  Pimpla. — This  species  {Pimpla  conquisitar^  Say  ^) 
sometimes  destroys  from  15  to  20  per  cent,  of  the  last  brood  of  Aletia, 
and  the  chrysalides  that  are  whole  and  that  appear  sound  or  alive 
ftfter  a  good  frost  are  found  to  contain  its  larva  or  pnpa  in  still  greater 
proportion.  It  has  been  obtained  from  Aletia  from  all  parts  of  the  South, 
&iid  by  most  of  the  observers  and  agents  of  the  Commission,  the  fly  issu- 
ing sometimes  in  the  fall,  but  mostly  in  spring.  It  is  a  black,  fonr-winged 
fly,  varying  in  length  from  one-fourth  to  one-half  of  an  inch,  and  may  be 
distinguished  from  other  native  species  of  the  genus  Pimpla  by  having 
the  margins  of  the  abdominal  segments  white.  The  exserted  ovipositor 
does  not  exceed  one-half  the  length  of  the  abdomen,  and  the  male  may 
be  recognized  by  the  absence  of  an  ovipositor  and  by  his  more  slender 
^y*  Say  reared  the  species  from  a  foUicle  of  a  case-bearing  Bombycid 
©otb  with  trowsparent  wings,  probably  the  common  Bag  Worm  ( Tftyrt- 
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dopteryx  ephemerai/ormis,  Haw.),  altbough  Walsh  (TraiiB.  Acai].  8cL  Si 
Louis  III,  137)  ideuti&es  Say's  Bombyx  with  Cliaiocampa  amerieana. 


ibrged.    (Ori0 


The  larra  (Fig.  39  a)  of  Pimpla  amquiiUor  isaleglcsB  maggot  of  an'hitiah  color,t1l' 
liHad  well  defined,  concoloroiis  witli  Uie  body  and  with  distiuct  moutb  parts ;  the  tipso 
the  aiaDdibles  black.  The  body  tapers  posteriorly,  the  skin  is  finely  wrinkled,  and  M 
spiracles  are  apparent ;  tlie  lirst  three  joints  have  a  longitudinal,  impressed  line  Ion 
down  on  the  sides,  and  the  succeeding  joints  have  a  similar  line  liigbor  ap,  and  abort 
it  a  distinct  lateral  ridge  or  series  of  protuberances.  The  mandibles  are  slender  anc 
pointed,  situated  beneath  the  labruui  and  above  the  three  fleshy  tubercles  whlcl 
represent  the  maxillie  and  labrum.  Above  the  labruni  are  two  distant  and  very  indis 
tinct  circles  with  a  minute  point  in  the  ei'utcr,  indicating  the  pouition  of  the  autea 
nuB.    The  largest  larva  eMtmiiied  measured  9'""". 

Thej)uj)(i(Fig.3!lc)rcsembl08  the  imago  in  the  form  of  body,  bat  the  colors  arennda 
veloped,  the  wings  iineipanded,  andthe  legs,  autennic,  and  palpi  laid  along  the  side 
and  breast.  In  the  i  the  tip  of  the  abdomen  is  abruptly  terminated,  and  just  hefor 
the  tip  oD  each  side  is  a  tubercle  bearing  two  projecting  teeth ;  in  the  $  the  ovipoe 
itor  is  curved  up  over  the  back. 

The  ppecies  is  widely  distrihuted  over  the  United  States  and  attack. 
a  large  uumber  of  other  Icpidopterous  larvro.  It  is  probably  the  inoE 
effectual  as  it  is  the  most  noticeable  check  to  the  development  of  tla 
chrysalis,  and  that  it  has  alwajs  attacked  Aletia  seems  most  probable 
forthe  following  account  by  Dr.  Oorhum,  published  in  1847  in  the  articZ 
iu  De  Bow's  Eeview  already  cited,  gives  such  an  exact  account  of 
and  such  a  full  general  description,  that,  while  he  could  not  name  ■ 
there  is  no  question  as  to  its  identity  with  the  species  under  consider 
ation.  In  endeaviug  to  explain  the  disappearance  of  the  Cotton  Wor- 
iu  early  winter,  Dr.  Gorham  writes: 

Let  iiH  take  a  pocketful  of  these  [the  cbrysalides]  home  and  place  them  beneb- 
tumblers,  and  watt  patiently  t«  see  what  they  will  produeo.  •  •  •  Aliout  t— 
fifteenth  of  November  the  insect  appeared,  but,  mirabile  dictu !  as  different  from  t — 
Cotton  fly  as  it  is  passible  to  suppose  one  Insect  could  differ  from  another.  It  belong 
altofelber  to  a  different  family,  a  description  of  which  I  give  as  follows: 

Autennie  Gliform  ;  black,  six  lines  in  length.   Palpi  four,  two  external  aud  two  ^^ 
termediate,  the  external  while,  twice  the  length  of  the  other  two,  in  shape  angal 
tie  aoglea  projecting  eitoniaUy.    The  two  uildMo  mo  sltttight,  scarcely  percepti"* 
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oTcr  a  ttttmg  li^t ;  iIkt  sre  of  a  dark  eokir.  Win^  four:  liyiiieiM>pt4«OQ5 ;  in^am* 
bent,  extendiiis  to  mad  exartly  eren  with  tlw  ^nd  of  the  tjul :  shape  of  the  wing^ 
whicli  ire  flsall  and  cxtRmelT  detieate^  like  that  of  a  fkn.  Front  leg^s  half  the  length 
ofthepofterior,  of  a  uailonn  oran^  color;  the  intermediate  le^  very  little  Ioniser 
than  the  interkM^ :  the  thighs  of  a  deep  orange  color,  the  reist  of  the  leg  annalatetl 
vith  onnge  and  vhite.  The  posterior  legs  long  in  comparison  to  the  others ;  thighs 
ofadiep  onnge  ccdor,  the  rest  of  the  leg  annnlated  with  hiack  and  white,  the  rings 
being  \u^  than  those  of  the  intermediate.  The  trunk  is  of  a  uniform  shining  hlack, 
Mvooldbe  the  upper  sar&oe  of  the  ahdomen  also  were  it  not  for  the  very  narrttw 
vbit«  buds  which  eoonect  the  black  scales  together,  giving  to  the  alnlonien  an  an- 
nolatod  appearance ;  these  white  lines  do  not  encircle  the  aUloraen,  but  terminate 
onifonnly  on  the  sides.  On  the  nnder  surface  of  the  abdomen  these  white  rings  again 
eoDunence,  which  are  laiger  than  those  on  the  upper  surface,  causing  the  alMlomon  to 
look  almost  white.  The  tail  terminates  in  a  bifurcated  sheath,  inclining  a  long  blunt 
sting,  projecting  considerably  beyond  the  tail,  and  forming  a  very  prouiiueut  feature 
in  the  general  figure  of  the  insect.  This  is  a  small,  slender  insect,  much  longer  than 
the  honey  bee,  but  not  so  thick. 

Id  1S51  Mr.  Affleck  figured  and  described  wliat  is  probably  this  si)e- 
cies  in  his  Rural  Almanac.  In  liS55  Mr.  Glover  also  ti^ated  of  the  same 
parasite.  The  other  public  mentions  were  by  Glover  in  1867,  Phares  in 
ISes,  and  WiUiam  Jones  in  1868. 

The  Watchful  Pimpla  is  rarely,  if  ever,  bred  from  Aletia,  except  late 
in  the  fall,  when  it  is  occasionally  found  in  great  numbers  {vide  the  ex- 
penences  of  Affleck,  Gorham,  and  Jones),  and  it  seems  altogether  prob* 
able  that  during  the  summer  months  this  parasite  prefers  other  cater- 
pillars, resorting  to  the  Cotton  Worms  only  at  the  end  of  the  season,  when 
other  caterpillars  are  wanting  or  very  scarce,  Aletia  being  one  of  the 
last  species  of  the  season.  This  parasite  usually  hibernates  as  a  pupa 
within  the  Aletia  pupa,  bat  often  issues  in  the  fall. 

The  RxNa-LEOGED  Pimpla. — This  is  another  species  (Pimpla  annu- 
^^P^  Br.,  Fig.  40)  of  the  same  genus,  having  about  the  same  size  and 
general  appearance,  but  having  the  rings  on  the  abdomen  duskj^  or 

reddish  instead  of  whitish,  and  differing  in 
other  minute  particulars.  It  is  less  numer- 
ous than  the  preceding,  but  we  have  ob- 
tained it  from  chrysalides  on  several  occa- 
sions. Inhabititis  precisely  like congiitVifor, 
and  equally  widespread  and  destructive  to 
other  species  of  lepidoptera,  being  one  of  the 
few  parasites  of  the  common  Apple  Worm 
( Carpocapsa  pomonella). 

Cryptus  nuncius  (Fig,  41).— A  third 
Ichneumon-fly,    belonging    to  a   different 
genus  and  having  similar  habits  with  the 
^^^-PimpiaannuUpeM:  Outline  Pimplasjust  described,  cxccpt  that  the  pupa 

ftej,^^T?' fetnalc  and  of  male  abdo-   ia  -Trk-prinafl  in  a.  nru*f\f\r\    tnoTr  //trknaiflorinflr  f.ha 


(Alter  ROey.) 


is  formed  in  a  cocoon,  may  (considering  the 

the  known  variability  of  coloration  in  the 

of  the  genus)  be  referred  to  Cryptits  nuncius^  Say.    It  is  a  black 

^r^  red,  four-wjn^ed  Sy,  with  transparent  wings,  and  iasuvia  irovw  VXv^k 

^acbrjsaliH  during  the  spring.    It  is  a  well-knowu  uatajftVl^  ol  owx 
^  coNa — ^ 
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large  native  silkworms,  Caltosamta  promethea,  Santia  cecropia,  and 
therceapolijphemus,  from  the  cocoons  of  which  it  emerges  in  the  Nortl 
States  early  in  the  spring,  a  coDSiderable  number  of  the  paraeites 
pearing  from  a.  single  cocoon. 

A  female  specimen  from  Aletia  baa  the  lieod  and  thorax  black,  the  Sth-lOth  jo 
of  the  anteiiDiB  vliite,  the  palpi  black,  tho  legs  inclnding  all  the  coxie  r«d,  with 
tips  of  the  pOBterior  femora  and  of  tlio  posterior  tibiiiB  black,  aod  the  posterior  i 
tinged  wltb  brown.  The  Srat  four  joiutfi  of  the  abdomen  are  entirely  red,  the 
ceediDg  Joints  and  the  sheaths  of  the  uvipOHitor  black,  the  ovipositor  itself  redd 
the  apical  Joints  of  tlie  abdomen  have  a  white 
•pot  above.  Keif  ing  npon  the  length  of  the 
ovipositor  aa  a  character  for  separating  nundiM, 
Say,  from  lamior,  Fack.,(^)  the  female  of  the 
preeeat  species  may  be  diatiugnisbed  by  the 
ovipositor  being  much  shorter  than  the  abdo- 
men, as  shown  in  Fig.  41,  b ;  Fig.  41,  a  repre- 
eenting  Crgptus  tantiie.  Fig.  41  c  indicates  the 
form  of  the  abdomen  in  the  male. 

The  Ovate  Ohalcis  (Fig.  42}.— In 
the  next  family  (ChaUniiida)  to  the 
IchtietimonidiB,  to  which  the  preceding 
three  S])ecie8  belong,  we  have  two  par- 
asites which  issue  from  the  pupa,  the 
larger  and  more  abundant  of  which  is  ' 
the  Ovate  Ohalcis  (Chalei*  ovata  Say). 
It  is  one  of  the  largest  of  the  North  -,  -  .^-  -  -y^ 
American  Chalcids,  measuring  5"""  in  d.  tinhiy  mBgoiflod  , __ 

,  ^,  ,  '  ,.,         ,,    ^.        Bhowlng  natural  length.    (Alter  Bill 

length,  and  may  be  readuy  distin- 
guished from  the  other  Cotton  Worm  parasites  by  itfl  swollen  hind  th 
and  by  the  glassy  appearance  of  its  abdomen.  The  species  is  also  e; 
distinguished  by  the  hind  thighs  being  black,  with  a  yellow  spot  at 
and  by  the  tegulse  being  entirely  yellow.  The  species  is  wideap: 
in  the  United  States,  and  occurs  also  in  Mexico  and  the  West  Im 
We  have  reared  it  from  Aletia  chrysalides  collected  by  Professor  W 
in  Georgia,  Professor  Comstock  in  Alabama,  Mr.  Schwarz  in  Tesas. 
Anderson  in  Mississippi,  and  by  ns  in  the  first-mentioned  State  an 
North  Carolina;  while  we  have  likewise  reared  it  from  Bestnia  macu 
(the  Grape  leaf-folder),  in  Missouri,  and  found  it  commonly  iufea 
the  chrysalides  of  certain  Hackbewy -feeding  worms  {Apatura  lye 
Fabr.,  and  A.  kerse,  Fabr.)  in  several  of  the  Southern  States.  . 

Unlike  the  Watchful  Pimpla,  the  Ovate  Ohalcis  seems  to  be  all 
e<)ually  abundant  throughout  the  season,  iiicreasing  but  little  tow 
fall.  Mr.  Schwarz  is  of  the  opinion  that  the  species. is  perhaps  i 
abundant  in  Texa^  than  in  Alabama,  and  that  only  full-grown  w( 
or  possibly,  occasionally,  a  newly-formed  chrysalis,  are  attacked, 
arrived  at  this  latter  conclusion  from  the  fact  that  in  all  the  chrysal 
examined  which  contained  the  full-grown  parasitic  larvEe  the  moth 
already  formed  and  its  abdomen  destroyed,  while  the  young  para 
Jary(0  were  always  found  in  appaveuli^  VesAfti-j  dVc^saXvAfta-^V^TO 
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motb  was  not  jet  formed.    The  duration  of  tbe  papa  state  of  the  Chalcis 
was  foand  to  be  from  eight  to  ten  days  in  August.    In  issuing  from  the 

Aletia  pupa  it  almost  invariably  eats  a  hole     * 
through  the  dorsal  part  of  the  thorax.^ 

The  Devouring  Tetrastichus  ( Tetrasii- 
chtM  esurus  Riley).*' — ^The  chrysalides  of  Aletia, 
formed  during  the  latter  part  of  the  season, 
are  frequently  infested  with  this  little  parasite, 
each  chrysalis  nourishing  a  nuuil)er  which  eat 
their  way  through  the  shell  in  tbe  form  of  small 
black  flies.  This  parasite  is  quite  generally 
distributed,  and  has  been  bred  in  Texas,  Ala- 
bama, and  Georgia.  The  larvae  are  pale,  elon- 
^   ..  ,     ,     gate,  egg-like  maggots,  and  tlie  flies  issue  all 

Fl6.  il—Ckaleu  ocata^   female;  ' 

k^iineBbowiBg  natural  aize.  through  the autumn,during  mild  wiutetweather 

and  (the  later  ones)  in  tbe  spring.  There  exists 
a  possibility  that  this  insect  is  not  a  so-called  primary  parasite  of  Aletia, 
but  that  it  infests  naturally  one  of  the  large  icbneumonid  parasites  of  tbe 
Cotton  Worm.  This  supposition  is,  however,  contradicted  by  tbe  fact 
that  Aletia  pupse  parasited  by  this  cbalcid  are  always  found  packed  to 
overflowing  with  the  Tetrastichus,  whereas  were  tbe  latter  simply  para- 
sitic upon  Pimpla  or  Chalcis,  they  would  in  all  probability  be  found  onlj' 
in  the  abdomen  of  tbe  Aletia  pupa. 

This  parasite  has  also  been  bred  from  tbe  fall  broods  of  tbe  worm  only, 
which  fact  may  be  due  to  tbe  possibility  of  its  parasitism  upon  Pimpla 
(^^isiUyfj  or  from  its  being,  during  tbe  summer  months,  parasitic  upon 
some  larva  other  than  the  Cotton  Worm. 

SPECIES  THAT  ARE  EASILY  MISTAKEN  FOR  PARASITES  OF  ALETIA. 

HEXiPLASTA  ZIGZAG^*  (Figs.  43  and  44).— In  September,  1879,  a  num- 
^r  of  miuute  parasitjes  were  sent  us  by  Professor  Comstock,  with  tbe 

statement  that  they  bad  issued  from 
chrysalides  of  Aletia.  Tbe  species 
was  undescribed,  and  as  we  could 
place  it  in  no  known  genus,  we  erected 
tbe  genus  Didictyum^  and  described 
the  species  as  7).  zigza/j  in  tbe  Amer- 
ican Entomologistj  III,  52,  and  also  in 
the  first  edition  of  this  Bulletin,  p. 
44.  Later,  however,  we  learned, 
through  tbe  courtesy  of  Mr.  W.  U. 
I^itton,  of  Waterbury,  Conn.,  that 
Didictyum  is  synonymous  with  tbe 
f,. ,,  Cynipid  genus  Jlexaplasta  of  Foer- 

Z'^-^^aplattazigzag:  nhoyviugtemale  from  ii-vixi        ^     j,    »       xt 

>»«,  and  male  and  female  antennae— natural   stcr,  and    pumiSbeU   the   taCt  IIV  tlvek 
««eliHilcAt€dlnbair.llne.    (After  Riley).  '    .  '  .   i  ttt  c,m  i       «.^ 

America7i  £ntomologxHi^\\\^^^c>  (^wciV^ 
-^9'  We  al9o  there  expressed  the  belief^  based  on  car^£u\  o\>aei:\vxXv>w^ 
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that  this  parasite  does  not  belong  to  Aletia,  but  that  it  in  realit^'  a 
Phora  aletia:  Comstoclv — the  next  insect  which  we  discuss — and  thi 
feasor  Comstock  was  misled  hy  appearances  in  considering  it 
parasite  of  Aletia.  The  Hexaplasta 
is  ceiliainly  a  parasito  of  Phora,  as 
the  following  extracts  i^om  Mr.  Hub- 
hard's  notes  plainly  show : 

"  Centbevllle,  August  21. —  In 
one  of  my  tin  boxes,  in  which  I  keep 
a  supply  of  Phora  larvse  fee<ling  upon 
moldy  leaves,  dead  caterpillars,  &c., 
I  to-day  observed  a  minute  chalcid  (T) 
fly  [H.  zigzag]  puncturing  one  after 
another  the  bodies  of  a  cluster  of  fiq.  u.—BaaiAaiui  zigzof  .■  renui«  f 
newly-hatched  Phoras.    I  separated  ^^^^  *"'*''■ 

these  maggots  and  the  parasite.  The  parasite,  watched  tiuder 
was  seen  to  insert  her  ovipositor  with  a  strong,  steady  motion  om 
the  body  of  each  larva  and  immediately  withdraw  it.  The  Phora 
were  confined  in  a  small  vial  with  crushed  Aletia  pups  for  food 
amined  October  13.  Six  parasites  are  seen  walking  about  tli 
They  disclosed  from  six  Phora  pup^." 

This  fully  confirms  our  own  experience,  aud  leaves  no  doub 
Hexaplasta  is  actually  parasitic  upon  Phora,  and  this  fact  being  ] 
it  is  altogether  unlikely  that  it  is  also  a  parasite  upon  Aletia,  all 
we  have  do  absolute  proof  to  the  contrary.  We  introduce  the  acc( 
this  insect  in  this  place,  as  it  was  considered,  upon  Professor  Comi 
authority,  under  the  head  of  the  true  parasites  in  the  first  editii 

Phobaai,eti..e  Comstock  (Fig.  45). — Under  the  head  of  true  pa 
of  Aletia,  Professor 
Comstock  has  given 
detailed  descriptions  of 
a  species  of  Phora  com 
mou  throughout  the 
South,  as  Phora  aletia!, 
with,  as  it  seems  to  us, 
very  insufficient  reasons 
in  sapport  of  his  view 
that  it  is  a  true  parasite. 
These  reasons  were, 
firstly,  that  it  had  been 
reared  in  greatnumbers 
from  chrysalides  collect- 

<>(!  hv  Mr  Trplnaufi  in  f  hn  ^'°-  45.— PAwo  altliir.  Isrra,  nup_. 

eo  OJMr.  ireieaseintue  highly  raUrgei.    (PergandacW.)   ■ 

field,   which     appeared 
either  sound  or  parasit«d ;  and,  secondly,  that  the  Ph.  incrast 
Europe  Js,  according  to  Packard  (American  yaluralist,  1868),  a  tn 
asite  of  the  hive  bee. 
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To  aDBwer  the  last  argament  it  may  be  stated  that  Ph.  incrassata  has 
Bever  been  satisfactorily  proven  to  be  a  bee  parasite,  in  spite  of  Dr. 
Packard's  statement  to  the  contrary. 

In  regard  to  the  first  argament,  onr  experience  with  this  particular 
Phora  has  been  quite  extensive,  and  has  proven  that  the  eggs  are  laid 
in  masses,  not  necessarily  upon  the  insect,  and  never  upon  living  or 
healthy  insects.  The  larvse  very  soon  attack  any  decaying  animal  or 
vegetable  substance;  but  while  they  may  be  thickly  crawling  about  and 
over  living  larvae,  they  do  not  penetrate  the  same.  After  the  insect 
was  considered  a  parasite  of  Aletia  we  took  pains  to  have  the  actual 
facts  ascertained  and  verified,  and  the  observations  of  Messrs.  Hubbard 
and  Schwarz  are  conclusive.  A  note  in  the  American  Entomologist^  III, 
228,  by  Mr.  Hubbard^^  to  the  effect  that,  from  his  observations,  the 
flies  gathered  about  moldy  food  and  the  excrement  of  larvse,  but  never 
deposited  eggs  unless  they  found  dead  moths,  larvae  or  pupse,  and 
moigtore,  was  the  occasion  for  the  following  interesting  letter  from  Baron 
Osten  Sacken  on  the  habits  of  the  genus,  which  was  published  in  the 
November  (1880)  number  of  the  American  Entomologist: , 

The  opinion  expressed  by  Mr.  Hubbard  in  yoar  September  number  (p.  228)  about 
iWa  not  being  a  true  parasite  holds  good,  no  doubt,  in  the  majority  of  cases.  Among 
tbeliterfttore  which  I  have  collected  on  the  habits  of  Phora^  I  find  only  one  direct 
statemeDt  about  larve  of  this  fly  having  developed  in  a  living  insect.  Mr.  Brischke 
(Eleinero  Beobachtungen  fiber  Insecten)  received  from  a  coleopterist  some  pupse  and 
inagoe  of  Phara,  with  the  remark  that  the  pupa  had  come  out  of  the  anus  of  a  living 
OmodtrfML  The  fiiend  very  probably  meant  to  say  that  larvas  had  come  out  and  bad 
immediately  transformed  into  pupse.  The  statements  of  Bouoh€  (Naturg.  d.  Ins.,  p. 
101)  an  less  direct.  He  obtained  larvss  of  Phora  from  several  specimens  of  Sphinx  con^ 
^okuU  in  ci^tivity,  and  from  caterpillars  of  a  Tinea.  Although  he  does  not  say  that 
the  Sphinxes  and  caterpiUars  were  alive  when  the  larvsB  emerged  from  them,  we  are 
justified  to  assume  from  his  wording  that  the  larvsB  of  Phora  had  lived  in  their  host, 
while  he  was  aUve,  although  they  may  have  escaped  after  death.  Brischke  (I.e.)  also 
^ee  it  that  way. 

Penis,  in  his  Insedes  du  pin  fnaritime,  had  expressed  the  same  opinion  as  Mr.  Hub- 
Wd, that  the  larvae  of  Phora  are  scavengers, not  parasites;  but  later  (B^ltats  de 
Tfi^na  promenades  eniomologiqueef  in  Ann.  Soc.Ent.  Fr.,1873,p.74)  he  confesses  bis 
doabta  abou^  the  matter.  He  had  obtained  a  Phora  from  the  nymphsB  of  Coccinella 
^iwtdate,  these  nymphas  not  showing  any  signs  of  decay.  Curtis  (Brit.  Ent.,  437) 
aodBoQdani  (Atti,  d^.,  Milano,  1860)  relate  similar  observations.  In  such  cases  the 
Ivvsof  Phora  may  have  been  carnivorous  without  being  paraHtes;  they  may  have 
billed  the  nymphae  and  eaten  their  contents.  Zetterstedt's  statement,  "  larva  (Phora) 
i*  ^tntps  %a9iooTni  inventa,  teste  Marklinf^  may  or  may  not  refer  to  a  case  parallel  to 
^  of  Omoderma.  The  case  related  by  Ooureau  (Ann.  Soc.  Ent.  Fr.,  1855,  p.  21 )  of 
piipn  of  Phora,  found  in  a  box,  in  which,  for  about  a  month,  he  had  kept  a  pinned 
^^*%iii,is  likewise  not  conclusive,  because  the  Phora  may  have  slipped  in  the  box 
*od  laid  eggs  on  the  putrescent  specimen.  Still,  there  is  enough  to  show,  in  what  pre- 
^^tliat  there  is  something  to  be  learned  yet  about  the  habits  of  Phora, — [C.  R. 
^^niR  Sackent,  Heidelberg,  Oermany,  October^  1880. 

Vr.  Schwarz's  observations  on  Phora  aletim  give,  in  good  form,  the 
'^)>ilB  of  the  Si)ecieS|  and  are  herewith  given  in  fall : 

**Hy  acquaintance  with  this  particular  species  of  Phora  dates  ba^k 
K)  br  aa  tba  spring'  and  early  summer  of  1875,    In  tbat  y^ttt^  ^\i^<^  \sx 
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camp  near  EDterprisBi  Fla.,  I  was  greatly  annoyed  by  the  appearance  ol 
these  flies  within  the  paper  boxes  where  I  kept  the  insects  collected  bj 
me.  These  insects  were  killed  by  leaving  them  in  the  cyanide  bottle  foi 
not  less  than  12  honrs.  I  never  noticed  any  Phoras  in  perfectly  tight 
boxes,  and  they  infested  only  snch  not  perfectly  tight  boxes  as  con 
tained  large  insects,  especially  Orthoptera,  which  in  the  moist  air  of  8 
Florida  rainy  season  are  very  difficult  to  dry  and  which  were  in  a  state 
of  slight  decomposition.  The  larvsB  of  these  flies  either  fed  extemallj 
upon  the  softer  parts  of  the  dead  insects,  or  internally,  and  the  pnparii 
were  either  formed  on  the  outside  of  the  insects  or  simply  fastened  ti 
any  part  of  the  box.  On  my  second  trip  to  Florida  I  had  similar  ex 
perience,  though  I  was  better  prepared  for  the  attacks  of  Phora,  a  lit 
eral  and  frequent  use  of  carbolic  acid  doing  good  service  in  keeping  th 
flies  out.  Being  thus  familar,  or  at  least  believing  myself  familiar,  vit 
the  habits  of  this  Phora,  I  was  not  astonished  to  see  it  around  m 
breeding  jars  and  pill  boxes  with  insects  during  my  stay  in  Colambai 
Tex.,  during  the  summer  of  1879,  and  considered  it  as  a  matter  of  coars 
to  see  the  flies  emerging  from  the  jars  where  I  kept  chrysalides  of  Aletv 
a  portion  of  which  1  knew  to  be  rotten.  It  never  occurred  to  me  tbc 
that  this  Phora  would  ever  be  considered  as  a  parasite  of  Aletia.  A 
ter  Professor  Comstock  had  declared  it  as  such,  1  paid  more  attentic 
to  the  insect  during  my  stay  in  Selma*  A  number  of  sound  Alet 
chrysalides  were  crushed  and  put  in  a  jar  which  was  partly  open.  Se 
eral  Phoras  were  seen  in  the  jar  24  hours  afterwards,  and  four  da; 
later  the  rotting  mass  was  alive  with  the  fly  larvce.  Another  lot 
sound  chrysalides  was  crushed  outdoors  in  their  webs,  but  only  two 
them  were  found  afterwards  to  be  infested  with  Phora,  the  others  we 
either  eaten  out  by  the  ants  or  simply  dried  up  without  attracting  an 
thing.  Larvsd  of  Phora  aletice  were  not  unfrequently  found  in  the  la 
week  of  August  and  the  first  week  of  September  in  chrysalides  of  Alel 
which  hung  down  from  the  naked  stems  and  leaf-ribs,  the  worms  ha 
ing  previously  utterly  defoliated  the  plants.  Many  hundreds  of  the 
chrysalids  which  are  thus  unprotected  from  the  rays  of  the  sun 
from  the  rain  were  examined  by  me  during  the  time  just  mentioned,  a] 
by  far  the  greatest  part  of  them — at  least  three-fourths  of  the  wh( 
number — ^proved  to  be  rotten,  the  contents  being  a  light  brown,  bad 
smelling  fluid.  No  parasitic  larvsB  could  be  discovered  within,  and  t 
chrysalides  showed  no  outward  signs  whatever  of  having  been  attack 
by  any  insect.  The  remaining  one-fourth  of  these  chrysalides  were  eith 
in  healthy  condition,  or  killed  by  some  enemy  (mostly  by  ants  and  1 
di8U8)j  or  infested  with  parasites  {Chalets  ovata  and  Too^tna),  or  co 
tained  Sarcophaga  and  Phora  larvas.  I  have  to  emphasize  the  fa 
that  the  chrysalides  containing  Phora  larvsB  contained  the  same  rott< 
fluid  of  the  same  disgusting  smell  as  the  majority  of  the  chrysalis 
mentioned  above.  From  150  specimens  of  such  chrysalides  put  in 
large  glass  jar  I  obtained  only  6  or  6  moths,  a  number  of  the  abo^ 


iSH«r  porcion  oi  me  cnrysauaes  wnica  were  on  i;ne  naKea  leai- 
the  devastated  fields  proved  to  be  rotten,  while  at  the  same 
lose  which  had  regularly  webbed  up  in  the  leaves  of  the'acUacent 
were  healthy,  is  probably  due  to  the  influence  of  sunshine  and 
I  the  unprotected  chrysalides.  A  large  portion  of  these  hung 
urd,  suspended  only  by  one  thread  or  the  remaining  portion  of 
b.  This  unnatural  x>06ition  causes  them  to  be  stretched,  the  soft 
nts  between  the  segments  thus  exposed  offers  a  convenient  place 
young  Phora  larvsB  to  enter  the  interior  of  the  chrysalis, 
tier  it  has  once  been  asserted  that  Phora  is  a  true  parasite  of 
,  and  since  it  is  an  undisputed  fact  that  Phora  has  actually  been 
from  chrysalides  of  Aletia,  it  is,  of  course,  difBcult  to  prove  the 
ry.  My  observations  prove  only  that  Phora  lives  as  a  scavenger 
ler  dead  and  decaying  insects  as  well  as  in  decaying  ohrysalids 
Jtia.*^ 


CHAPTER   IX. 


PEBVENTIVE  MEASURES. 

Mode  op  cultivation. — Our  knowledge  of  the  natural  history  of 
Aletia  and  the  yearly  recurring  experience  with  its  ravages,  teach  as 
that  the  principal  and  most  effective  means  of  prevention  is  to  hasten 
the  maturity  of  the  plant,  so  that  a  portion  of  the  crop  shall  be  beyond 
the  reach  of  harm  from  the  more  disastrous  July  and  August  broods  of 
the  worm.  The  importance  of  tbis  subject  has  long  since  been  recog- 
nized by  intelligent  planters,  and  important  results  have  at  times  been 
obtained.  Mr.  J.  C.  Mathews,  of  Crittenden^s  Mills,  Dale  County,  Ala- 
bama, writes,  in  answer  to  question  15  of  the  circular,  as  follows :  "  W^ 
have  improved-  our  cotton  seed  so  much  that  our  cotton  is  all  of  a  month 
earlier  than  it  was  when  the  worm  first  ate  us  up.  Last  season  our  cot- 
ton was  nearly  all  open  in  August  and  September."  Judge  Jones,  of 
Virginia  Point,  Tex.,  also  writesus,  September  5, 1880,  as  follows: 

'^  I  have  been  more  sensibly  impressed  than  ever  before,  that  early 
planting  and  timely  cultivation  will  give  the  cotton  plant  such  a  vig- 
orous and  early  growth  as  to  discourage  the  mother  moth,  and  will  ma- 
terially retard  their  destructive  movements.  In  nearly  every  instance 
that  has  fallen  under  my  observation  this  season,  where  cotton  had  an 
early  start,  with  faithful  and  diligent  cultivation,  the  injury  to  the  plant 
and  its  fruit  has  been  comparatively  light,  or  there  has  been  entire  ex- 
emption from  the  worm." 

Improving  the  cotton  seed  in  the  direction  just  mentioned  can  be  ac- 
complished principally  by  careful  selection  of  early  maturing  varieties 
of  cotton ;  or  by  introducing  seeds  ifrom  more  northern  regions.  Early 
planting  is  strongly  to  be  urged  in  this  connection,  though,  of  course,  it 
has  its  drawback  in  the  risk  of  exceptionally  late  frosts.  Another  way 
to  hasten  the  maturity  of  the  crop  has  been  suggested,  viz.,  by  planting 
the  seed  in  hot-beds  during  winter,  and  transferring,  the  young  plants 
thus  raised  to  the  field  when  there  is  no  longer  danger  of  frost,  on  the 
plan  adopted  by  Northern  growers  of  the  sweet  potato. 

190 
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This  same  idea  forcibly  occurred  to  us  on  oor  first  visit  to  the  Soath ; 
bat  upon  suggesting  it  and  urging  it  to  experienced  planters,  they  in- 
Tariably  replied  th&t  fh^  cotton  plant  forms  snch  a  long  tap-root  and  is 
80  Teiy  sensitive  to  removal  or  transplanting,  that  the  method  becomes 
impracticable.    The  only  way  in  which  cotton  plants  could  be  success- 
folly  transplanted  would  be  from  small  pots,  and  such  mode  is  precluded 
on  account  of  the  expense,  though  paper  bags,  it  seems  to  us,  might  in 
many  instances  be  successfally  used  for  this  purpose.    Careful  and  fre- 
quent cultivation,  which,  moreover,  has  the  ^tendency  to  disturb  and 
knock  off  the  worms,  will  materially  assist  in  producing  a  crop  before 
these  appear  in  force ;  and  such  well  cultivated  fields,  while  they  are 
Kubject  to  the  attacks  very  early  in  the  season,  will,  at  the  critical  pe- 
riod, be  least  injured. 

Topping  the  cotton  is  recommended  and  practiced  in  some  sections  to 
hasten  maturity,  and  while  it  will  no  doubt  help  to  produce  the  desired 
effect,  the  labor  necessary  would  hardly  be  repaid  by  the  success,  since 
it  includes  the  loss  of  the  top  crop.  Where  done  in  order  to  destroy  the 
eggsof  Aletia,  the  labor  is  more  or  less  wasted,  as  only  a  small  propor- 
I  tioQ  of  the  eggs  are  laid  on  the  top  leaves  during  the  season  when  the 
chief  injury  is  being  done. 

£very  other  means  that  will  give  the  cotton  plant  an  early  and 
vigorous  growth,  e.  p.,  rich  manuring,  or  soaking  the  seed,  before  plant- 
ing, in  sulphuric  acid,  ought  to  be  employed,  and  will  assist  in  prevent- 
ing the  ravages  of  the  pest. 

Taking  the  opposite  view.  Dr.  Phares  has  suggested  that  by  sys- 
tematically deferring  the  planting  of  cotton  till  the  end  of  May,  or  until 
all  the  hibernating  moths  had  perished  without  finding  food  for  their 
issue,  and  then  planting  some  early-maturing  variety,  we  might  entirely 
prevent  the  injuries  of  the  worm.  This  would  be  an  excellent  sugges- 
tion could  the  planter  know  beforehand  that  it  would  be  necessary, 
and  were  there  not  decided  advantages,  as  just  set  forth,  in  getting 
early  maturity. 

While  it  has  been  believed  that  the  long-staple  cotton  is  more  injured 
hy  the  worm  than  the  short  staple,  yet  the  belief  is  by  no  means  general, 
and  there  seems  to  exist  no  variety  of  cotton  which,  for  its  comparitive 
immunity  from  the  attacks  of  the  worm,  deserves  tx)  be  cultivated  in 
preference  to  other  varieties ;  nor  have  we  at  present  any  reasonable 
hope  of  producing,  by  careful  selection  of  seed,  a  variety  which  is  less 
subject  to  injury,  a  process  which,  if  possible,  would  require  many  years 
to  bring  forth  any  noticeable  results. 

For  several  years  past  a  paragraph  has  been  going  the  rounds  of  the 
newspapers  of  the  South,  to  the  effect  that  a  planter  in  Texas  had  pro- 
duced, after  many  years  of  experiment,  a  "  worm -proof  cotton,"  by 
hybridizing  cotton  with  a  certain  weed,  and  that  he  was  willing  to  sell 
his  secret  to  the  Government  for  a  handsome  sum.  We  have  not  seen 
this  <<  worm-proof  cotton,"  nor  can  we  learn  that  any  trustworthy  plauti^ 
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has  ever  seen  it,  and  it  is  safe  to  pat  down  this  so-called  important  in- 
vention  either  as  an  illusion  or  as  an  imposition  and  hambag. 

There  are  several  other  points  in  the  caltivation  of  cotton  whicb, 
tboagh  of  minor  importance,  should  be  borne  in  mind  in  this  connection. 
The  frequent  exemption  of  small  fields  that  are  separated  fh)m  larger 
#nes,  or  surrounded  by  some  other  crops,  suggests  the  advisability  of 
breaking  up  the  very  large  and  continuous  cotton  fields^  and  the  adop- 
tion of  a  more  diversified  agriculture.    It  will  be  well,  also,  to  avoid 
planting  cotton  in  those  spots  where  the  worms  have  been  known  to 
first  reappear  from  year  to  year.    The  method  of  interspersing  the  cot- 
ton with  com,  often  practiced  in  the  South,  may  well  be  recommended 
from  an  economical  standpoint;  but  less  so  from  the  entomological 
view,  for  while  it  may  have  some  eflfect  in  lessening  the  Cotton  Wonn, 
there  is  not  yet  sufficient  confirmation  of  the  fact,  and  the  castom 
doubtless  helps  to  increase  the  injury  from  the  Boll  Worm. 

There  exists  a  wide-spread  belief  among  planters  that  by  surroanding 
cotton  fields  with  certain  plants,  or  even  by  planting  a  few  such  plants 
between  the  cotton  rows,  the  latter  will  be  protected  from  the  ravaged 
of  the  worm.    This  belief  is  evidently  based  on  the  idea  that  the  parea^ 
moth  is  prevented  from  ovipositing  on  such  cotton  by  the  odor  emitted 
by  such  plants. 

Jute  {Gorchorus  capsularis)  is  the  most  noted  and  familiar  of  the»^ 
'* protecting"  plants.  When  and  where  the  belief  of  the  protectin^T 
power  of  the  jute  originated  is  difficult  to  prove  at  the  present  time,  and 
the  following  paragraph  on  the  subject'from  the  New  Orleans  Timet  of 
December  25, 1873,  is  evidently  written  after  this  belief  had  already 
made  much  headway : 

It  remains  for  ns  to  notice  the  farther  important  flEMst  that  the  culture  of  Jute  in  this 
State  is  likely  to  prove  the  death  of  the  Cotton  Worm.  On  this  point  we  haye  the 
experience  of  Mr.  Emile  Lefranc,  who  assures  us  that  neither  flies  nor  butterflies  ever 
stop  in  the  Jute  plant.  It  appears  the  plant  g^ves  out  an  odor  which  driyes  them 
away,  and  the  consequence  is  that  no  caterpillar  will  appear  on  the  plantation  where 
jute  is  grown.  Desiring  to  yerify  this  important  and  valuable  discovery,  the  "Bamie 
Planting  Association"  last  season  planted  three  several  different  fields  of  cotton,  and 
surrounded  them  with  a  Jute  growth  belt.  No  leaf,  no*flower,  no  boU  was  destroyed. 
The  fields  were  entirely  free  from  the  caterpillar,  while  other  cotton  fields  on  adjacent 
plantations  were  invaded  by  the  voracious  insects.  This  statement  has  been  verified 
by  many  gentlemen  of  New  Orleans.  In  the  present  precarious  condition  of  cotton 
culture,  the  fact  we  have  mentioned  is  assuredly  worthy  of  the  earnest  attention  of 
all  intelligent  planters. 

How  much  truth  there  is  iu  the  verification  of  this  ^^  valuable  discov- 
ery  "  we  do  not  know,  but  no  subsequent  experiments  seem  to  have  been 
made  and  recorded,  and  the  more  recent  writers  on  the  subject,  and 
especially  Mr.  J.  0.  Waldo,  of  New  Orleans,  who  advocates  this  pre- 
ventive measure,  seem  to  draw  only  from  the  source  quoted  above.  Jute 
is  planted  but  very  little  in  the  South  at  the  present  time,  and  it  "fraa 
not  until  1880  that  one  of  the  observers  in  the  field,  Dr.  Anderson^  imd 
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the  opportanity  of  seeing  jute  planted  side  by  side  with- cotton.    He 
writes  in  his  report  as  follows : 

In  mj  investigation  this  season  I  had  the  opportunity  of  seeing  the  Jnte  grow- 
ing in  the  midst  of  cotton.  It  had  been  planted  iH  May,  and  when  I  saw  it,  late 
in  AngQBt,  had  attained  the  height  of  8  to  10  feet,  and  was  luxuriant.  The  row^ 
about  200  feet  long,  was  surrounded  by  cotton,  the  row  of  the  Jnte  running  parallel 
▼ith  the  rows  of  cotton,  and  the  worms  were  abundant  on  the  cotton  in.  the  midst 
of  the  jate,  and  touching  their  leaves.    Its  effect  was  nihU. 

Id  the  fall  of  1881,  in  the  experimental  grounds  of  the  cotton  exposi- 
tion at  Atlanta,  Ga.,  we  had  an  excellent  opportunity  of  obserying  the 
effect  of  jute  which  was  planted  in  the  midst  of  cotton.  Not  only  was 
the  cotton  adjacent  to  the  jute  utterly  defoliated  by  the  worms,  but 
they  had  spun  up  in  great  numbers  on  the  jute  leaves. 

Other  plants  which  are  believed  to  have  similar  protective  influence 
are  hemp  (Cannabis  sativa)^  the  China  tree  (Melia  azedara^h)^  the  Dill 
(Anethum  graveolens\  and  lately  the  Pyrethrum  plants,  not  to  mention 
others  which  are  known  only  under  local  popular  names,  and  which  we 
have  been  unable  to  identify.  While  we  do  not  doubt  that  the  plants 
just  mentioned  are  generally  free  from  insect  injury,  it  is  safe  to  say 
that  none  of  them  have  any  protective  influence  whatever  over  other 
plants  in  their  neighborhood,  and  none  whatever  on  the  appearance  or 
nonappearance  of  the  Cotton  Worm.  Beports  of  success  are  illusory, 
the  non-appearance  of  the  worms  being  due  to  other  causes. 

Protection  op  Natural  Enemies. — Hardly  less  important  than 
early  planting  is  the  protection  of  those  natural  enemies  of  the  Cotton 
Worm  that  permit  of  it.  In  the  present  state  of  our  knowledge  no 
practicable  method  presents  itself  that  will  enable  the  planter  to  pro- 
tect or  propagate,  or  in  any  other  way  encourage,  on  a  large  scale,  the 
most  effective  of  these  enemies,  viz.,  the  parasites  of  Aletia;  but  much 
good  can  be  accomplished  by  the  protection  of  many  other  enemies,  and 
foremost  among  them  of  the  birds.  The  shooting  and  trapping  of  all 
smaller  birds,  which  is  so  industriously  practiced  at  the  present  time  by 
the  freedmen  throughout  the  cotton  States,  as  well  as  the  collecting 
and  destroying  of  birds'  nests  and  eggs,  should  be  prohibited,  while  the 
UUing  of  hawks  and  other  birds  of  prey  should  be  encouraged.  Tame 
fowls,  such  as  chickens,  turkeys,  and  guinea-hens,  have  proved  valu- 
able in  protecting  small  fields  near  the  house,  and  would  accomplish 
mnch  good  if  brought  up  near  those  spots  where  the  first  worms  occur. 

Lizards,  frogs,  and  toads,  which  are  familiar  objects  to  every  one, 
and  a  great  many  of  the  insect  enemies  of  Aletia,  e.  ^.,  Ground-beetles, 
Soldier-beetles,  Lady -birds  and  Soldier- bugs,  which  by  their  size  or  col- 
oration are  conspicuous  enough  to  be  recognized  by  the  planter  from  the 
figures  given  in  the  chapter  on  Natural  Enemies,  should  never  be  wan- 
tonly  destroyed.  The  leaving  of  an  occasional  stump  in  the  field  is,  we 
believe,  advisable,  because  the  nests  of  ants  in  the.  ground  are  less  lia- 
ble to  be  washed  away  and  destroyed  by  rains  in  fields  where  trees  and 
*tompBooonr« 
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Where  hand-picking  is  followed,  the  pupae  should  not  be  crashed  at 
once,  but  placed  in  a  barrel  covered  with  a  wire  screen  to  admit  of  the 
escape  of  the  parasites,  and  at  the  same  time  to  retain  the  moths  and 
caase  them  to  perish. 

Immunity  of  Cotton  under  Tress. — ^The  immunity  of  cotton 
growing  under  single  trees  that  are  left  standing  in  the  field  has  long 
been  noticed  and  attributed  to  the  protection  and  attraction  aflforded 
to  birds  by  such  trees.  We  had  adopted  this  view  in  the  first  edition 
of  this  work,  bat  the  great  regularity  with  which  this  phenomenon 
occurs  throughout  the  cotton  belt,  and  several  other  circumstances 
connected  with  it  and  presently  to  be  mentioned,  induced  us  to  havetb^ 
subject  re-examined.  There  is  no  doubt  in  our  mind  that  this  ezemp 
tion  of  cotton  is  due  to  the  direct  influence  of  the  tree  on  the  plant 
growing  under  it,  and  not  to  the  birds  and  other  enemies  of  the  wonc 

Mr.  J.  P.  Stelle,  during  his  stay  in  Texas,  conducted  an  experimeo 
which  throws  some  light  on  the  subject,  and  which  he  records  in  hi 
diary  as  follows : 

Aagust  30, 1881.  It  is  thought  by  aU  planters  that  shade  proteotB  cotton  fix>m  tl: 
work  of  the  Cotton  Worm,  and  it  grows  oat  of  the  fact  that  plants  growing  nnder  tre^ 
are  more  or  less  exempt.  I  have  attributed  the  exemption  to  the  work  of  birds ;  bi 
the  planters  declare  it  to  be  shade.  To  settle  the  question  I  have  to-day  erected, 
temporary  shed  over  a  namber  of  plants  by  stretching  an  old  tftrpaulin  above  thee 
on  stakes  in  the  center  of  a  field. 

September  3.  My  temporary  shade  has  proven  a  protection  to  the  plants ;  the  wote 
are  not  working  nnder  it  to  amount  to  much,  though  aU  around  they  have  complete 
stripped  the  cotton. 

Other  observations  show  that  cotton  growing  under  a  dense  tree 
not  only  exempt  from  injury,  bat  even  not  touched  by  the  starving  aE 
migrating  worms.  This  fact  alone  indicates  that  the  presence 
birds  cannot  be  the  true  explanation.  It.  has  been  farther  observe 
that  a  small  tree,  or  a  dead  one,  even  if  it  has  many  branches,  has  \p^ 
little  protective  influence,  or  none  at  all,  on  the  plants  growing  und. 
it.  That  this  influence  cannot  be  entirelv  due  to  the  shade  alone  m 
pears  more  than  probable,  since  it  is  exerted  on  all  sides  of  the  tr^ 
Whatever  the  real  caase  may  be  that  prevents  the  work  of  the  wok: 
under  such  circumstances,  it  likewise  affects  the  cotton  injurioasly,  t 
on  poor  soil  such  cotton  remains  very  poor  and  small,  while  on  rich  s^ 
it  grows  rank,  and  consequently  bears  very  few  bolls  or  none  at  m 
There  is  no  way  of  making  any  practical  use  of  this  influence  of  tr^ 
on  the  work  of  the  worm. 

Preventing  Oviposition  of  the  Moth. — ^As  a  possible  means 
prevention,  the  idea  suggested  itself  to  apply  some  substance  to  t^ 
plants  which,  by  its  odor  or  otherwise,  would  drive  off  the  moths,  a« 
thus  prevent  oviposition.  This  idea  opens,  of  course,  a  large  field  f' 
experimentation;  but  we  confess  that,  for  several  reasons,  we  do  ik* 
hope  for  important  results  in  this  direction.  The  few  experiments  ttu 
have  been  made  are  &r  from  being  encouraging^  and  are  simply  n 
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corded  here  to  show  that  this  suggestion,  which,  theoretically,  looks 
plausible  enough,  is  practically  beset  with  great  difficulties.  We  quote 
the  following  paragraph  from  Mr.  Schwarz's  report  on  experiments 
made  at  Selma,  Ala. : 

While  ezperixnenting  with  decoctions  and  extracts  of  yarions  plants,  and  knowing 
that  the  moths  were  ovipositing  at  the  time,  I  tried  the  following  three  sabstances, 
i?ith  a  view  to  ascertain  whether  they  rendered  the  plant  sufficiently  distastef  al  to 
the  moth  to  prevent  her  from  ^ovipositing :  1.  Infusion  of  Ailanthus  leaves ;  2.  in- 
fanon  of  Walnut  leaves ;  3  decoction  of  Hoarhound.  The  first  I  selected  without  any 
special  reason,  being  influenced  only  by  the  universal  belief  in  its  efficacy;  the  second 
hecaoM  I  knew  by  experience  that  it  rendered  the  leaves  distasteful  to  the  worms ; 
the  third,  on  account  of  its  most  powerful  and  unpleasant  smell. 

The  application  of  the  three  substances  was  made  very  easily,  as  the  moths  ovipos- 
ited at  this  time  (September  5)  with  preference  on  the  leaves  of  the  young  shoots 
arinng  from  near  the  roots  of  the  plants.  Three  small  shoots,  each  on  a  different  plant, 
were  then  examined  for  eggs,  and,  after  removing  these  with  a  knife,  the  infusions 
weie  plentifully  applied  so  that  each  leaf  was  fairly  drenched  from  both  sides. 
(Sehna,Ala.,8ept.  5.) 

Examination  on  the  7th  of  September  shows  that  none  of  my  decoctions  had  the 
stighteet  effect,  the  number  of  eggs  laid  on  the  three  shoots  beiiig  quite  considerable, 
uA  apparently  not  less  than  on  other  shoots  not  treated  with  any  substance.  There 
was  a  heavy  shower  yesterday,  but  the  leaves  being  sprinkled  on  both  sides,  the  rain 
eoold  not  have  washed  away  every  trace  of  the  decoctions. 

Observations  in  the  field  seem  to  show  that  common  road  dust  could 
possibly  be  utilized  to  prevent  ovipositfon  of  the  moth.  Mr.  Stelle  says, 
in  one  of  his  letters  from  Calvert,  Tex. : 

AiDQch  traveled  road  runs  east  and  west  through  the  field ;  on  the  south  side  of  it 
the  eotton  is  badly  eaten  by  worms,  while  for  40  feet  aloug  the  north  side  it  does  not 
Mm  to  have  been  much  disturbed.  I  investigated  for  the  cause  of  this  exemption, 
ud  found  it  to  be  the  result  of  a  south  wind  blowing  the  dust  stirred  up  in  the  road 
OTer  the  plants.  It  seemed  to  have  at  least  retarded  the  work  of  both  Boll  and  Cot- 
tw  Worms, 

Mr.  Schwarz,  while  speaking  of  those  spots  in  cotton  fields  which  had 
<^ped  the  general  destruction  by  the  worm  in  August,  1880,  says : 

^6  ontside  row  or  rows  of  a  field  are  very  often  exempt,  sometimes  even  to  a  re- 
"'vkable  degree,  but  by  no  means  always.  In  some  instances  this  immunity  may  be 
^ii«  to  the  direct  influence  of  the  road  dust  that  thickly  covers  the  leaves,  but  it  oc- 
toiB  also  where  there  is  no  road,  and  consequently  no  road  dust,  and  where,  therefore, 
Mother  explanation  is  necessary.  I  fall  to  find  any  satisfactory  explanation,  unless, 
P^haps,  in  such  cases  the  outside  rows  grow  under  conditions  less  favorable  to  the 
plants,  which  thus  have  less  attraction  to  the  moth. 

Mr,  Stelle  himself  noticed  later  the  exemption  of  the  outside  rows'of 
^tton  fields.    He  writes  in  his  diary,  September  3, 1880: 

I  have  noticed  in  fields  that  the  plants  growing  adjacent  to  open  spaces,  as  along 
'^^  even  thbugh  but  little  traveled,  are  more  or  less  exempt  from  the  working  of  the 
^onns.  In  the  midst  is  about  one-fourth  of  an  acreln  sweet  potatoes,  rank-growing 
*^  elear  of  weeds.  For  about  the  width  of  two  rows  around  the  patch  the  cotton  is 
**n»ly  touched,  while  everywhere  else  it  is  completely  trimmed. 

Ihave  seen  a  similar  case  along  the  side  of  a  patch  of  peas  (Dolichos)  where  the 
exempt'rows  were  several  hundred  yards  in  length. 

BimUar  facts  have  often  come  under  our  notice  and  ar^  c^uitj^  ^m- 
ittouly  observe^ 
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Some  experiments  with  road  dust,  but  more  with  a  view  to  drive  tfc 
worms  off,  were  carried  on  and  will  be  recorded  later.  It  safficeal 
state  here  that  the  results  obtained  render  it  highly  probable  that 
thick  coating  of  dost  not  only  protects  the  plants  from  worms  bat  wool 
also  prevent  oviposition  of  the  moth.  There  is  also  but  little  doal 
that  flour,  ashes,  in  short  every  pulverized  material  that  can  be  madel 
adhere  thickly  to  the  plant,  and  especially  to  the  underside  of  the  leave 
could  be  substituted  for  road  dust. 

Early  application  op  dikeot  remedies. — ^As  preventive  mea 
ures  we  must  further  consider  the  early  application  of  the  direct  rem 
dies,  in  other  words,  every  attempt  to  destroy  the  insect  early  in  tl 
season  before  it  is  numerous  enough  to  do  much  injury.  The  remedi 
themselves  will  be  discussed  later  on ;  it  suffices  to  say  that  we  have 
deal  here  with  the  destruction  of  the  hibernaMng  moths,  or  those  of  t^ 
first  generations,  and  the  poisoning  of  the  first  worms.  The  importan 
of  either  method  is  too  apparent  to  need  further  advocating,  but  the  a 
parent  advantage  disappears  to  a  large  extent  upon  practical  considei 
tion.  The  gravest  obstacle  is  that  the  concerted  action  of  the  plantc 
over  an  extended  area  is  necessary  to  insure  a  decided  success  in  t 
early  application  of  direct  remedies,  the  work  of  the  individual  plant 
or  even  of  the  majority  of  them,  being  more  or  less  frustrated  if  a  porti 
remain  passive. 

Without  suitable  laws  to  enforce  concerted  action,  there  is  but  ht 
prospect  of  making  much  headway  in  the  general  adoption  of  prevent! 
measures  of  this  character.  Still  the  individual  planter  would  do  w 
not  to  omit  any  opportunity  to  destroy  either  the  first  moths,  or  the  fi] 
worms. 

Poisoned  sweets  should  be  placed  at  suitable  localities  on  warm  ev< 
ings  during  the  earliest  part  of  the  season,  say  from  the  beginning 
February  till  the  middle  of  April.  With  each  female  moth  caught 
this  way  the  planter  might  save  a  great  deal  of  the  expense  in  pois< 
ing  the  worms ;  and  not  only  could  Aletia  moths  be  destroyed  in  tl 
way,  but  also  other  hibernating  moths,  a  great  many  of  which  are  1 
parents  of  destructive  Cuttworms.  The  poisol)ing  of  the  first  wor 
requires  knowledge  of  places,  usually  limited  in  extent,  where  theyocc 
and  this  is  not  always  easily  obtained  in  large  fields.  The  field-hai 
should  be  instructed  to  watch  carefully,  while  cultivating  the  field, 
evidence  of  the  work  of  the  first  worms,  and  when  such  places  are  < 
covered  the  application  of  poison  should  never  be  neglected.  The  p< 
oning  of  limited  areas  where  the  first  worms  occur  requires  but  li^ 
outlay  of  time  and  money.  The  children  should  be  made  thoroug^^ 
familiar  with  the  appearance  of  the  worm  and  its  work,  and  should 
sent  over  the  field  at  least  once  a  week  during  the  months  of  April  b 
May  in  order  to  discover  the  places  where  the  first  worms  occur.  1 
worms  could  then  easily  be  destroyed  by  hand-picking  or  by  immedi^ 
applicBtioD  of  poison. 
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A  geoeral  poisooing  in  advance  of  the  first  appearance  of  the  worms 
has  been  recommended,  but  it  is  evident  that  there  is  little  to  be  gained 
by  this  method,  first,  on  account  of  the  rapidity  with  which  a  new 
growth  of  leaves  is  made  thus  early  in  the  season;  secondly,  because  the 
poison  would  be  washed  away  after  the  lapse  of  one  or  two  weeks,  and 
much  earlier  in  unfavorable  weather;  and,  thirdly,  because  it  is  an  un- 
Decessary  exi>ense,  since  the  first  worms  appear  only  in  isolated  spots^ 
which  may  be  discovered  by  careful  watching. 

Cotton  Worm  Warnings. — In  the  more  northern  portions  of  the 
cotton  belt  the  worm  appears  only  after  it  has  multiplied  or  been  very 
bad  in  one  or  several  places  in  the  more  southern  portion.  The  impor- 
tance to  the  more  northern  planter  of  keeping  posted  as  to  the  progress 
of  the  worm  in  the  hibernating  centers  is,  therefore,  evident,  as  he  will 
thns  be  enabled  to  provide  beforehand  the  means  of  destroying  the  i>est. 
To  provide  for  and  keep  up  such  Cotton  Worm  signals  and  warnings  is 
a  very  easy  matter  when  compared  with  the  Locust  warnings  in  the 
West  The  permanent  region  of  the  Locust  is  the  least  accessible  and 
least  populous  region  of  the  country,  while  that  of  the  Cotton  Worm  is 
the  richest  and  most  densely  populated  portion  of  the  South,  traversed 
by  nnmerous  railroads  and  telegraphs,  with  populous  cities  and  an  en- 
terprising press. 

As  a  measure  intended  to  reduce  the  number  of  hibernating  moths,  it 
may  be  suggested  that,  as  vast  numbers  of  late  chrysalides  are  usually 
carried  into  the  gin-house,  and  as  the  moths  issuing  therefrom  are  so 
likely  to  find  the  requisite  winter  protection  there,  the  expediency  of 
i^oving  and  (destroying  these  chrysalides  as  soon  as  possible,  and  of 
not  allowing  them  to  remain  in  the  gin-house  until  they  hatch,  is  ap- 
parent 

False  theobxbb. — ^There  is,  of  course,  no  want  of  theories  regarding 
preventive  measures,  mostly  based  upon  wrong  conception  of  the  nat- 
^1  history  of  the  Insect;  nevertheless,  they  always  find  advocates. 
Ooe  of  these  proposed  measures  is  to  bum,  in  winter  time,  the  old  stalks 
of  the  cotton  plants,  instead,  as  is  generally  done  now,  of  breaking  them 
down  in  the  spring,  the  intention  being  to  kill  the  insect  supposed  to 
^  hibernating  within  the  stalks.  Another  measure  frequently  recom- 
oiended  is  to  plow  the  fields  in  winter  time  in  order  to  expose  the  chrys- 
^ides,  supposed  to  be  in  the  ground,  to  the  rain  and  frost.  The  premises 
'^ing  false^  the  theories  with  their  suggestions  are  worthless. 

Another  widely  disseminated  notion  prevails  as  to  the  preventive 
power  of  salt  sown  on  the  field  while  planting  cotton,  or  even  after  the 
Plduts  are  up.  This  method  has  been  tried  by  reliable  planters,  and, 
^  might  have  been  foreseen,  with  indifferent  results,  the  rows  where 
^t  had  been  used  being  no  less  injured  by  the  worms  than  the  rows 
^ot  salted.  That  salt  has  a  beneficial  influence  as  manure  in  certain 
I^^Qds  of  soils  there  can  be  no  doubt,  but  its  supposed  protective  influence 
^8  wholly  imaginary,  being  based  on  the  vague  notion  that  t>\i^  ^V*  y& 
*Whfti  bjr  the  plant,  wbiob  ia  tbna  rendered  distastetol  to  t\x^  'votxcu 


CHAPTER   X 


REMEDIES:  MEANS  OF  COPING  WITH  THE   INSECT:  81 
STANCES  USED  FOE  ITS  DESTRUCTION. 

lu  this  chapter  we  shall  treat  of  remedies  against  the  insect, 
more  particalarly  of  methods  and  principles  and  of  substances  that  i 
be  used  for  its  destruction.  Mechanical  contrivances  and  machii 
for  the  proper  application  of  the  remedies  will  be  considered  in  m 
quent  chapters;  for  while  it  is  not  always  easy  to  discuss  a  remedy  ? 
out  including  the  m^ans  of  its  application,  yet  this  classification  of 
matter  of  the  report  has  been  found  most  expedient. 

DESTBTJCTIpN  OF  THE  EOOS,  CHBYSALIDES  AHS  MOTHS. 

Destbuction  op  the  Eaas. — ^The  exact  knowledge  of  the  nat 
history  of  any  injurious  insect  enables  us  to  recognize  its  vulner 
points^  and  to  indicate  those  stages  in  which  it  may  be  dealt  with  i 
effectively  and  most  economically.  The  eggs  being  laid  singly  on 
under  side  of  the  leaves,  and  being,  moreover,  hardly  perceptible,  i 
their  small  size  and  protective  color,  it  is  at  once  apparent  that  e 
attempt  to  mechanically  destroy  them  in  large  numbers  must  be  f 
less.  Topping  the  cotton,  as  a  means  of  destroying  the  eggs,  is,  a 
have  already  shown,  of  little  avail  at  the  most  critical  x>eriod.  Ex; 
ence  has  shown  that  the  vitality  of  the  egg  is  not  destroyed  by  thi 
plication  of  a  moderate  quantity  of  insecticides  of  any  description. 
Stelle  reports  that  ^^  London  purple  has  destroyed  and  prevented 
hatching  of  the  Aletia  eggs"  to  which  it  was  applied  three  days  p: 
ously,  and  numerous  experiments  proved  that  kerosene  also,  y 
brought  in  contact  with  the  egg^  will  destroy  it.  However,  in  ord< 
destroy  the  egg^  both  London  purple  and  kerosene  have  to  be  applic 
such  quantities  as  to  be  injurious  to  the  plant. 

Destruction  op  the  ohbtsalides. — The  chrysalis  of  Aletia,  i 
or  less  perfectly  protected  by  leaf  and  web,  affords  little  chance  fo 
successful  destruction.  The  destruction  by  crushing  or  otherwu 
any  chrysalides  observed  early  in  the  season  ought  not  to  be  neglec 
but  later  in  the  season,  when  they  abound,  they  cannot  thus  be  ecoi 
ically  destroyed.  There  are,  however,  periods  when  the  extensive 
struction  of  the  chrysalides  would  seem  practicable.  Whenever  a 
of  cotton  has  been  defoliated,  the  worms  web  up  thickly  in  the 
rounding  weeds  and  brush,  which  may  then  be  cut  and  burned.    ' 
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mode  of  destmctiou  would  be  of  no  special  or  immediate  benefit  to  the 
planter  who  undertakes  it,  but  if  done  generally  in  the  district  defoli- 
ated by  the  worms,  it  would  help  to  prevent  the  emigration  of  the  moths 
to  other  regions,  or  if  done  late  in  the  season  it  would  lessen  the  num- 
ber of  hibernating  moths. 

Destruction  of  the  Moth. — ^Easy  as  it  may  seem  to  prevent  the 
mischief  done  by  the  worms,  by  trapping  or  otherwise  killing  the  parent 
moth,  and  notwithstanding  the  fact  that  one  method  of  attracting  them 
bas  beeu  known  and  used  for  very  many  years,  and  that  another  method 
of  doing  so  has  been  more  recently  discovered,  yet  the  results  that  hiftve 
followed  the  attempts  to  destroy  or  exterminate  the  moths  by  these 
methods  are  not,  as  a  rule,  encouraging.  The  uusatisfactory  results  may 
be  attributed  to j  first j  lack  of  concerted  action;  and,  sec&ndj  delayed 
attempts  to  kill  until  the  moths  had  already  become  too  numerous  and 
the  worms  had  done  considerable  damage. 

It  has  already  been  remarked,  with  regard  to  the  first  point,  that  con- 
certed action  over  the  whole  cotton-growing  country  cannot  be  expected ; 
hot  if  the  planters  in  those  more  or  less  limited  districts  that  are  known 
aA  the  distributing  centers  of  the  insect,  or  even  in  those  particular 
spots  where  the  worms  appear  and  reappear  year  after  year,  would  make 
earnest  effort,  at  the  right  time,  to  trap  and  kill  the  moths,  there  is  li^ 
tie  doQbt  but  that  the  excessive  increase  of  the  insect  would  be  either 
retarded  or  prevented.  If  this  pest  is  suffered  to  increase  until  the 
tbirj  or  fourth  generation,  any  attempt  to  lessen  the  number  of  worms 
by  killing  the  moths  will  necessarily  prove  futile.  To  make  this  method 
^  preventing  injury  of  any  avail,  action  must  be  taken  early  in  the 
season.** 

I^ghU  for  attracting  the  Moth. — ^That  the  moth  is  attracted  by  light 
is  an  old  and  well-known  fact,  and  in  the  days  of  slavery  the  only 
remedy  generally  used  by  planters,  besides  the  hand-picking  of  the 
^orm8,was  to  light  large  fires  in,  or  have  burning  torches  carried 
trough,  the  fields  at  night.    It  is  impossible  to  say  at  the  present  time 
Aether  or  not  these  efforts  were  successful,  but  it  remains  a  certainty 
that  in  <•  worm  years  "  the  progress  of  the  ravages  was  never  pre- 
sented by  such  means.    It  is  almost  needless  to  remark  that  in  those 
^'^ys,  as' in  the  present,  such  means  were  generally  resorted  to  when  the 
'^oths  had  become  quite  nnmerous,  and  when,  therefore,  no  success 
^a«  to  be  expected. 

Special  fires  intended  for  this  purpose  were  generally  made  of  dry 
^<^  placed  upon  earth  elevated  on  platforms.  While  for  the  reasons 
^ere  given  we  have  little  faith  in  the  utility  of  such  means  at  any  other 
^^son  than  early  spring,  yet  the  practice  of  cleaning  the  fields  of  all 
^bbish  and  old  stalks  by  making  large  bonfires  in  winter — a  practice 
^^  prevailed  before  the  war,  but  which  has  been  largely  abandoned 
^Qce— is  greatly  to  be  commended  on  general  grounds. 

It  has  been  found  troablesomc^  and^  in  some  parts  of  the  coTiiiti:^  ^  ^^^Oi 
63  ooNa 9 
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expensive,  to  keep  up  large  fires  daring  the  whole  or  greater  part 
the  night;  and  daring  the  last  decade  a  great  many  lamps  have  b( 
invented  to  take  the  place  of  fires.  A  lamp  is  more  effective  in  attra 
ing  the  moths  than  is  a  large  open  fire ;  for  the  heat  and  smoke  of  i 
latter  scare  away  great  nnmbers.  Where  lamps  are  employed  th 
must  be  connected  with  them  devices  to  kill  the  moths  that  are  attrac 
by  the  light,  and  sach  killing  is  best  accomplished  by  placing  the  Ian 
in  pans  filled  with  various  substances  of  a  sticky  or  destructive  nati 

Daring  the  earlier  part  of  the  summer  of  1879  extensive  experime 
were  made  by  Mr.  Schwarz  at  Columbus,  Tex.,  to  test  the  efficacy 
lamps.  Though  it  was  already  too  late  in  the  season  to  check  the 
<2rease  of  the  insect,  some  of  the  results  are  not  without  interest.  ' 
number  of  moths  nightly  killed  by  a  single  lamp  varied  very  much 
cording  to  its  location,  but  averaged  not  more  than  six  specimens  in 
latter  part  of  Jane,  the  number  increasing  rapidly  during  the  next  moi 
It  was  also  foand  that  these  lamps  attract  and  kill  an  immense  nun 
of  other  insects.  Among  these  are  many  injurious  insects,  as  Helu 
armigera  (the  parent  of  the  Boll  Worm),  which,  by  the  way,  appeal 
be  more  readily  attracted  than  the  Cotton  Moth,  and  several  specie 
Mi^^beetles  (Lachnostema)  and  others;  but  also,  unfortunately,  h 
numbers  of  the  natural  enemies  of  the  Cotton  Worm,  as  the  noctn 
Tiger-beetles,  Ground-beetles,  and  some  of  the  Heteroptera  already  r 
tioned.  Above  all,  it  was  found  that  the  moths  were  not  prevented  i 
ovipositing  even  in  the  immediate  vicinity  of  the  lamps,  and  that  on 
fields  where  the  lamps  had  been  used  there  were  no  less  eggs  depos 
than  on  those  where  no  lamps  had  been  kept  burning.  It  becomes  q 
tionable,  therefore,  whether  the  lamps  are  not  more  productive  of  h 
than  good,  especially  at  times  when  the  moths  are  numerous.  Howe 
if,  as  is  doubtless  the  case,  the  hibernating  moths  fiy  about  earl 
the  spring,  then  this  will  be  the  best  time  to  use  lamps  in  places  wl 
the  moths  have  been  seen  fiying,  as  in  the  vicinity  of  gin-houses. 
In  the  month  of  March  and  in  the  earlier  part  of  April  they  should 
placed  at  those  spots  in  the  fields  where  the  first  worms  have  been 
fierved  in  previous  years. 

During  the  month  of  March,  1882,  we  instructed  Mr.  Koebele,  1 
at  Archer,  Fla.,  to  try  on  several  successive  nights  to  attract  the  in< 
by  lights.  Though  freshly  deposited  eggs  were  constantly  foand  at 
season,  and  it  was  certain,  therefore,  that  the  hibernated  moths  wem 
ing  about,  yet  not  a  single  specimen  was  attracted  by  the  lamps.  [ 
result  is  certainly  not  encouraging,  but  it  must  be  remembered 
success  in  this  method  of  collecting  largely  depends  on  locality,  on 
state  of  weather,  and  on  other  conditions. 

Experiments  made  under  our  direction  have  proved  that  during  m< 
light  nights  fires  or  lamps  have  but  little  attraction  for  the  moths,  ( 
further,  that  better  results  are  obtained  before  than  after  midnight 

The  only  instance  with  which  we  are  familiar  where  lamps  (thosef  no 
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b^'GoIonel  Lewis  and  described  in  Chapter  XTTT)  have  been  nsed  on  a 
soiffidently  large  scale  to  fully  test  the  efficacy  is  that  around  Heame, 
Tex.,  in  1878.  Over  1,000  lamps  were  used  in  that  vicinity  during  a 
period  of  several  weeks,  and  while  it  was  tme  that  cotton  was  not 
iiynred  that  year,  the  same  was  equally  true  throughout  that  whole 
section  of  the  country ;  so  that  it  was  impossible  to  draw  any  satisfac- 
tory GODclusions.  Stilly  where  they  were  used  pretty  extensively  in 
1879  they  did  not  prevent  final  injury  to  the  cottoui  and  where  but  a 
few  are  used  in  some  particular  fields,  it  is  undoubtedly  true,  and  in  ac- 
cordance with  general  experience,  that  more  harm  than  good  ensues  to 
tlie  iDdlvidual  using  them — ^the  moths  being  allured  firom  other  fields 
and  frequently  laying  their  eggs  before  i>erishing.  The  worms  are,  con- 
seqnently,  often  more  numerous  at  such  centers  than  elsewhere. 

At  the  Atlanta  £xi>o8ition  Hotel,  in  the  autumn  of  1881,  these  moths 
swamed  in  myriads  about  the  electric  lights  outside  of  the  building. 
Breath  these  the  ground  was  strewn  with  dead  moths,  abd  a  quart  of 
them  would  often  accumulate  during  a  single  night  in  the  glass  globe 
SQiToimding  each  light.  It  is  to  be  inferred  that  the  more  brilliant  the 
light  is  the  farther  will  it  attract,  and  the  less  hiBat  it  exhibits  the  closer 
^  the  moth  approach.  On  these  accounts  electric  lights  may  be  the 
beat,  and  probably  the  calcium  lights  and  gaslights  will  rank  Ufxt ;  but 
ftt  present  these  are  generally  not  economically  applicable  for  field  use. 
In  general  a  kerosene  lantern  will  be  found  most  convenient. 

l^he  whitish  flames  give  as  good  results  as,  and  probably  better  results 
than,  colored  flames.  There  is  not  satisfactory  evidence  that  these  in- 
sects take  cognizance  of  the  qualities  of  the  light,  but  its  degree  of  in- 
t^ty  seems  to  be  a  more  important  consideration.  Movement  of  the 
light  has  long  been  recognized  as  enhancing  the  chances  of  capture. 
Tbese  facts  came  to  light  with  the  practice  of  carrying  torches  betweeh 
the  rows  and  at  the  same  time  agitating  the  plants.  In  Louisiana  and 
-^kansas  we  were  informed  that  parties  of  several  persons  abreast  have 
gone  through  the  fields  in  this  way,  and  claimed  that  the  moths  were 
thus  SQccessfuUy  destroyed.  Probably  this  method  was  observed  also 
ioTexaSyas  the  portable  lamp  or  torch  machines  of  Le  Blanc  and  Ford- 
^  appear  as  though  they  might  have  been  suggested  by  it.  The  noc- 
^al  labor  and  the  machinery  required  prevent  these  methods  from 
l^^ming  popular. 

^e  various  kinds  of  trap  lanterns  which  have  been  invented  will  be 
described  and  figured  in  Chapter  XIII. 

^ot»on€d  Sweets  and  Fluids  as  Means  of  destroying  the  Moths, — It  has 
^^H  heen  known  that  the  Cotton  Moth,  like  most  of  the  other  species 
of  its  &mUy,  has  a  great  fondness  for  sweets.  Southern  writers  upon 
^0  insect  repeatedly  mention  the  fact  that  the  moth  is  numerously  at- 
^ed  by  barrels  or  other  vessels  containing  molasses,  by  sugar- vats, 
®c«i  while,  as  we  have  already  seen  (p.  11),  it  is  very  fond  of  most  ripe 
^ts.   The  second  peach-ciDp  very  often  suffers  matenaYLy  Itom  >£)[i<b 
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attacks  of  these  moths,  as,  by  means  of  the  spinous  tip  of  their  ton ^ 
they  literally  work  throngh  the  skin,  sack  out  the  juices,  and  exca^ 
large  holes.  Figs  and  melons  are  often  injured  in  the  same  way ; 
deed,  it  is  almost  impossible  to  raise  some  of  the  finer  varieties  of  fig 
these  moths  are  abundant. 

There  was  some  hope  of  beneficial  results  being  obtained  by  ns 
baits  that  would  prove  at  the  same  time  attractive  and  destructive 
the  moths,  since,  if  we  kill  the  parents,  we  prevent  the  injury  by  tl 
progeny.  Taking  advantage  of  the  fondness  of  the  moths  for  8¥ 
substances,  many  planters  have  been  in  the  habit  of  breaking  open  ] 
watermelons,  sprinkling  them  with  Paris  green  or  arsenic,  and  depc 
ing  them  in  cotton  fields.  Very  good  results  have  followed,  so  £ar  as 
destruction  of  the  moths  is  concerned ;  and  it  is  a  little  surpris 
viewed  with  the  preconceived  notions  of  entomologists,  that  com 
atively  coarse  substances  like  these  minerals  should  be  sucked 
through  the  proboscis. 

A  number  of  experiments,  with  a  view  of  testing  the  most  attrac 
as  well  as  the  most  deadly  substances,  have  been  made  in  various  p 
ef  the  cotton  belt  during  the  past  few  years  under  our  direction.  ] 
peaches  dusted  with  arsenic  or  drenched  with  a  solution  of  arsenic 
dried  peaches  moistened  with  water  and  poisoned  in  the  same  way,  ^ 
placed  in  boxes  on  the  ground  in  the  fields.  On  examining  the  b 
the  next  morning,  several  dead  moths  were  found  in  those  contaii 
the  fresh  peaches,  but  none  in  those  with  the  dried  ones.  Experim 
with  a  mixture  of  molasses  and  rum,  or  vinegar,  or  beer,  poisoned  ' 
a  small  quantity  of  arsenic,  Paris  green,  Loudon  purple,  or  cyanid 
potassium,  and  smeared  on  the  trunks  of  trees,  or  on  fence  poles  i 
cotton  fields,  or  again  on  the  leaves  of  the  plants,  also  proved  th 
number  of  moths  may  be  killed  in  this  way,  though  it  is  difficult,  if 
impossible,  to  get  at  the  exact  number,  since  many  fly  away  be 
dying.  The  mixture  of  molasses  and  beer  seems  to  have  the  grea 
attractiveness,  and  the  virtue  of  all  these  mixtures  for  this  puipose 
be  enhanced  by  the  addition  of  the  essence  or  flavoring  extract 
certain  fruits,  as  peaches  and  apples.  Kone  of  these  mixtures  ar 
attractive,  however,  a49  the  fruits  themselves,  or  even  as  watermel 

The  liquids  may  be  employed  not  only  by  smearing  in  the  msnnei 
forth,  but  also  in  shallow  tin  pans  or  vessels  placed  in  the  fields  u 
pedestals,  as  in  the  case  of  the  lamps  to  be  described.  Where  i 
pans  or  other  vessels  are  used  there  should  be  a  wooden  lattice-v 
made  to  float  on  the  liquid,  so  that  the  moths  may  reach  it  wit! 
drowning,  and  thus  be  able  to  get  away  to  perish  elsewhere  and  n 
room  for  others.  These  liquids  are  frequently  used  in  wide-moul 
bottles  distributed  over  the  fields.  One  genenil  rule  should  be  obsei 
in  the  employment  of  these  liquids  and  poisons.  It  is  that  the; 
placed  in  the  field  only  about  sunset,  and  not  allowed  to  remain  da 
the  day;  otherwise,  more  beneficial  than  injurious  insects  are  actu 
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aUiued.   The  Bmearing  has  the  advantage  over  the  use  in  -pans  and  bot- 
tles, in  that  fewer  beneficial  insects  are  destroyed. 

We  cannot  say  that  these  experiments  have  led  us  to  be  in  any  way 
sasguine  of  substantial  benefit  flowing  from  this  mode  of  killing  the 
moths  in  the  autumn,  which  is  the  season  when  they  are  most  easily  so 
destroyed^  for  they  do  not  seem  to  care  much  for  such  baits  except  when 
they  cannot  get  their  more  natural  food  in  the  shape  of  saccharine  ex- 
adatioQS.  The  fact  that  early  or  summer  ripening  peaches  are  not  in- 
jured—a tact  that  is  well  attested  by  many  correspondents^also  indi- 
cates that  the  moths  do  not  care  so  much  for  fruits  even,  so  long  as  they 
can  obtain  nourishment  in  the  cotton  fields,  and  so  long  as  thoy  are  not 
congregating  in  numbers. 

Experiments  made  in  the  summer  season  with  these  artificial  baits  in- 
dicate that  a  much  smaller  percentage  of  moths  is  allured  thereto,  and 
while  there  can  be  no  question  of  our  ability  to  kill  a  certain  number  in 
this  manner,  it  would  prove  a  most  expensive  remedy  if  used  on  a  suffi- 
ciently large  scale  to  materially  reduce  theii*  numbers.  In  fact,  we  have 
become  convinced  that  there  is  very  little  use  in  attempting  to  destroy 
the  parent  moth  in  the  latter  part  of  the  season.  In  what  has  been  pre- 
viously said  on  the  natural  history  and  the  hibernation  of  the  species, 
it  has  been  made  pretty  clear  that  the  great  bulk  of  the  moths  are  nat- 
urally destined  to  perish  in  any  event,  so  that  the  labor  is  largely  thrown 
away. 

Until,  therefore,  we  discover  some  baits  that  shall  have  a  greater  at- 
trafition  for  the  moths  than  the  natural  sweets  they  feed  upon,  there  is 
little  to  expect  from  this  mode  of  warfare.  There  is  a  season,  however, 
when  the  use  of  these  baits  is  strongly  to  be  recommended,  and,  oddly 
CDoagh,  it  is  the  season  when  nobody  thinks  of  using  them.  It  is  in  this 
^  it  is  with  the  lights;  the  greatest  good  will  result  .from  attracting 
and  destroying  the  first  moths  in  spring  after  they  issue  from  their  win- 
ter qoarters.  Every  female  killed  at  that  season  is  equivalent  to  the 
destruction  of  several  hundred  worms  later  in  the  season;  whereas  not 
one  in  a  thousand,  and  perhaps  not  one  in  a  hundred  thousand,  of  the 
Moths  killed  in  autumn  would,  in  the  uatural  course  of  events,  have  sur- 
vived to  beget  progeny.  Concerted  action  is  just  as  necessary  here  as 
in  the  Qse  of  lamps. 

As  it  has  been  proven  beyond  doubt  that  sweets  poisoned  with  Paris 
^i^n  or  London  purple  do  not  lose  their  attractive  power  to  the  moth, 
^d  that  such  poisons  are  taken  up  by  the  moth,  it  appeared  most  de- 
sirable to  poison  the  glands  on  the  cotton  plant,  which,  as  we  have 
^'^^j  furnish,  with  their  saccharine  secretion,  one  of  the  principal  food 
supplies  of  the  moth.  Experiments  on  plants  covered  with  netting,  and 
<)thers  kept  in  breeding  cages,  made  it  certain  that  the  moth  can  be 
killed  by  poisoning  the  under  side  of  the  leaves,  the  moths  feeding  on 
the  poisoned  glands.  So  long,  however,  as  there  were  no  means  known 
^  ^pply  the  poison  from  belowy  tbia  plan  could  not  be  adopts*,  \>v)l\^ 
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as  the  perfected  machines  supply  this  want,  we  may  jastly  expect  £ha 
the  efficacy  of  the  arsenical  poisons  is  considerably  increased  by  the  ^< 
stmction  of  many  Moths  before  these  have  deposited  their  eggs. 

Finally,  in  this  connection,  we  would  mention  a  theory  or  propode 
remedy  by  Dr.  J.  Lnpton,  of  Winchester,  Frederick  County,  Virginjj 
Noticiug  that  the  Bee  Moth  was  more  attracted  to  a  fluid  sweetened  an 
flavored  from  the  hive  than  to  any  other  kind,  he  conceived  the  id^ 
that  the  Cotton  Moth  would  also  be  most  attracted  by  sweetened  waie 
which  was  flavored  with  the  bruised  leaves  of  the  cotton  plant.  Pro 
K.  T.  Lupton,  ofVanderbilt  University,  Nashville,  made  an  experimei 
in  1872  which  seemed  to  indicate  that  the  liquid  thus  prepared  wit 
cotton  leaves  had  the  greater  attractiveness  for  the  moth  as  compare 
with  ordinary  molasses  and  water,  and  being  anxious  to  decide  the  quei 
tion  we  took  pains  to  have  the  proposed  remedy  fully  tried. 

We  qaote  from  Mr.  Schwarz's  report  the  following  account  of  expei 
ment«  made  by  Mr.  Patton  and  himself  at  Selma  on  the  attractive  pow( 
of  the  cotton-leaf  essence : 

In  accordance  with  yonr  instmctionB,  I  gathered,  whUe  at  Selma,  Ala.,  a  qoantll 
of  fresh  cotton  leaves.  From  about  8  poonds  of  these  leaves  one  ponnd  of  alcohol 
extract  was  obtained,  and  from  another  lot  of  leaves  a  simple  decoction  was  mad^. 

Daring  the  first  week  of  October  there  appeared  to  be  a  good  opportunity  for  exp^ 
men  ting,  as  the  evenings  were  warm  again  (after  a  preceding  cold  speU),  and  as  tl 
moths  began  to  hatch.  On  October  8  and  91''  sugared,"  in  company  of  Mr.  Wm.  I 
Patton,  a  number  of  trees,  fence  boards,  and  posts,  in  a  favorable  locality,  with  tl 
following  substances : 

1.  Mixture  of  molasses  and  beer. 

2.  Mixture  of  molasses  and  extract  of  cotton  leaves. 

3.  Extract  of  cetton  leaves  alone. 

Care  was  taken  to  apply  each  mixture  on  equally  favorable  places,  or  at  least  0 
places  which  appeared  to  ns  equally  favorable.  The  result  was  as  foUows :  A  ver 
large  number  of  Noctuids  was  attracted^  especially  on  the  first  evening,  when  tb^ 
was  no  wind,  but  Aletia  was  by  no  means  the  most  numerous  species  among  then 
being  the  third  in  rank. 

The  places  sugared  with  No.  3  proved  decidedly  less  attractive  than  the  othen 
and  only  a  few  moths  of  all  species  were  found  at  them.  The  probable  reason  therjM 
is  that  the  extract  evaporates  too  quickly  without  addition  of  a  sticky  substaiyfM 
At  the  places  sugared  with  Nos.  1  and  2,  70  Aletias  were  oaptnred,  50  on  the  flist,  an 
20  on  the  second  evening.  The  latter  were  Just  equally  divided  between  mixtures 
and  2,  but  of  the  50  Moths  on  the  first  evening  there  was  a  decided  difference  in  fay< 
of  mixture  No.  2,  30  Moths  being  found  attracted  by  the  molasses  and  cotton-leaf  ei 
tract,  and  only  20  by  molasses  and  beer.  There  were  12  places  sugared  with  Nos. 
and  2,  six  with  each  mixture.  Four  of  these  proved  to  be  not  attractive  at  aU  to  tli 
moths,  the  remaining  being  more  or  less  attractive.  But  one  fence-post,  sugafe 
with  No.  2,  proved,  by  far,  more  attractive  than  the  rest,  and  it  was  this  si)Ot  aloi 
which  made  the  difference  in  favor  of  No.  2,  the  number  of  moifcbs  collected  on  i^ 
other  places  being  remarkably  equal.  I  have  no  doubt  that  had  this  fence-poet  b^ 
sugared  with  No.  1  the  difference  would  have  been  in  favor  of  No.  1.  My  opini9i 
therefore,  is  that  the  attractiveness  of  sweets  is  not  increased  by  the  addition  of  cpi 
ton-leaf  extract,  and  that  such  extract  alone  has,  to  say  the  least,  not  a  greater  attm 
tive  power  than  other  sweets. 

I  intended  to  test  the  cotton-leaf  decoction  on  one  of  the  next  evenings,  but  tfa 
weather  oontinned  to  be  cold  until  my  departure  firom  Selma. 
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That  decoctious  or  extracts  from  cotton  leaves  shoold  prove  attras- 
tive  to  the  moths  was  to  be  expected,  since  they  contain  a  great  deal 
of  saccharine  matter;  but  from  the  comparative  experiment  quoted 
above  and  from  the  established  fact  that  the  moth  is  indiscriminately 
attracted  by  a.11  sorts  of  sweets,  we  are  constrained  to  believe  that  Mr. 
Lopton's  theory  has  no  more  practical  value  than  the  other  plans  men- 
tioned above  to  attract  the  moth. 

From  the  experience  gained  since  the  beginning  of  this  Cotton  Worm 
investigation  we  have  come  to  the  conclusion  that  of  the  two  methods 
to  kill  the  moth,  that  of  alluring  it  to  poisoned  sweets  api>ear8  by  &r 
preferable  to  any  of  the  lamp  traps  that  have  been  recommended.  In 
combating  this  pest  it  would  be  uuwise,  however,  to  rely  solely  upon 
any  attempt  to  kill  the  moth.  The  principal  effort  of  the  planters  should 
be  directed  toward  killing  the  worms ;  yet,  considering  the  cheapness 
and  effectiveness  of  killing  the  moths  by  poisonous  sweets,  any  judicious 
and  timely  attempt  in  this  direction  is  well  worth  trying.  Whether  or 
not  the  hibernating  moths  can  be  attracted  to  poisoned  sweets  during 
mild  evenings,  in. winter  or  early  spring,  we  are  not  prepared  to  say. 
There  has  not  been  much  opportunity  to  settle  this  question  by  con- 
tinuous experiments  made  at  the  right  place  and  at  the  right  season, 
and  from  the  failure  of  a  few  isolated  attempts  it  would  be  ui\just  and 
premature  to  draw  general  conclusions. 

The  recommendation  to  use  white  rags  in  the  fleld  has  frequently 
been  made  in  the  Southern  papers,  on  the  supi)Osition  that  the  fem^ 
moth  is  attracted  to  such  rags  and  will  lay  her  eggs  thereon.  We  know 
not  how  this  idea  originated,  but  so  far  as  we  are  able  to  learn  it  is  one 
of  the  many  fallacies  that  have  prevailed  regarding  the  habits  of  the 
insect. 

XECHAVICAL  MBAHS  OF  XHJJSQ  THE  WOBHS. 

Bven  in  a  very  thickly  settled  country,  and  with  the  employment  of 
hundreds  of  hands,  it  would  be  next  to  impossible  to  save,  in  the  height 
of  the  season,  a  large  cotton-field  from  destruction  by  simply  collecting 
the  worms.  In  our  Southern  States,  where  field  labor  is  at  present  by 
uo  means  abundant,  picking  off  the  worms  when  they  are  in  destructive 
force  in  large  fields  is  out  of  question,  and  can  be  profitably  resorted 
to  only  on  small  patches  favorably  situated.  Yet  it  is  comparatively 
wy  and  requires  but  little  time  and  a  small  force  to  thus  destroy  the 
worms  of  the  first  generation,  though  it  cannot  be  denied  that  poison- 
ing the  places  where  the  first  worms  have  been  observed  would  be  fkr 
Oiore  safe  and  economical  than  hand-picking.  If,  therefore,  the  planter 
care  to  stimulate  the  efforts  of  children  or  field  hands  to  find  the  first 
worms  by  offering  some  reward,  it  should  be  given  for  the  discovery  of 
the  spot  where  the  worms  occur,  and  not  for  the  capture  of  every  worm 
^>  to  a  certain  date. 

It  has  been  proven  by  experience  that  every  means  \>y  ^lii^Yi  \]!Ei^ 
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worms  can  be  disturbed  and  knocked  down  or  brushed  off  froin 
plants  has,  to  some  extent,  a  beneficial  influence  in  lessetiing  the : 
ber  of  the  worms,  the  explanation  being  that  once  on  the  ground 
can  be  crushed  in  some  way  or  that  they  are  very  liable  to  the  att 
of-the  ants.  In  very  hot  and  dry  weather  the  knocked-off  wormi 
very  often  unable  to  regain  the  plant,  and  perish  on  the  hot  soil.  1 
frequent  cultivating  and  working  of  the  cotton  will  have  some  Ix 
cial  effect  in  this  regard,  and  a  number  of  contrivances  have  been 
gested  to  expedite  Uiis  mechanical  method  of  killing  the  worms, 
of  the  best,  in  the  words  of  Dr.  J.  D.  Hoyt,  of  Livingston,  Ala.,*  '* 
drag  something  like  a  piece  of  cotton-bagging  along  over  the  rov 
cotton,  forward  and  back,  which  may  be  long  enough  to  extend  ad 
several  rows,  and  having  short  lines  attached  to  one  edge,  a  littl( 
ther  apart  than  the  width  of  the  rows,  and  a  hand  at  each  line,  ao 
abreast  pass  along  between  the  rows,  and  then  back ;  when  the  hi 
lug  and  shaking  of  the  stalks  by  the  bagging  will  clear  the  o 
mostly  of  the  worms.  In  this  way  a  set  of  hands  can  go  over  their 
in  a  day  or  two,  when  they  should  return  to  the  beginning  and  go 
again,  and  continue  so  doing  as  long  as  any  number  of  worms  aref 
on  the  stalks.''  At  best,  however,  only  a  portion  of  the  wormi 
knocked  off,  for  no  amount  of  shaking  or  brushing,  even  when  vi 
enough  to  injure  the  plants  and  knock  off  the  bolls,  will  dislodge  a 
worms,  and  particularly  will  not  disturb  most  of  the  young  ones. 

As  this  subject  will,  however,  be  treated  of  in  its  proper  pla 
Chapter  XIII,  we  will  pass  at  once  to  the  consideration  of  the 
stances  which  may  be  employed  against  the  worm. 

poisoirnro  the  woems. 

MINERAL  INSECTICIDES. 

With  the  introduction  of  mineral  poisons  for  the  destruction  o 
worms  a  new  imj^etus  was  given  to  the  invention  of  machines  anc 
trivances  for  the  application  of  these  poisons  either  as  powder 
water.  The  large  number  of  such  inventions  that  have  been  iierfe 
and  the  activity  still  displayed  in  adding  improvements,  funiisi 
dence  that  this  poisoning  of  the  worms  has  so  far  proved  most 
factory  in  protecting  the  crop.  The  fact  is  that  a  judicious  and  t 
application  of  the  best  poison  will  always,  even  under  uufavorabU 
ditions  and  in  bad  "  worm  years,''  enable  the  energetic  planter  tc 
at  least  the  larger  portion  of  his  crop. 

The  progress  in  improving  the  quality  of  the  insecticides  alrea 
use,  and  the  discovery  of  new  and  more  effectual  ones,  is  slower 
the  invention  and  improvement  of  machinery,  because  of  the  num 
difficulties  in  thoroughly  testing  any  remedy  in  the  field,  the  most 
ous  being  the  great  susceptibility  of  the  cotton  plant  to  injury  by  so 

*  Pnotioal  Modea  of  Deatioying  the  Cotton  WoTm  \  A  PiVm '^mk^  .  ^Vsibk  AIa.,  1874. 
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the  most  effective  insecticides.  Still,  considerable  progress  has  been 
made  since  the  investigation  began.  The  improvements  and  discover- 
ies will  not  only  greatly  benefit  the  cotton-planter,  but  the  agricultur- 
ist in  all  parts  of  the  country,  since  many  of  the  discoveries  are  of  gen- 
eral application  to  most  of  our  leaf-eating  insects. 

The  most  important  point  to  be  insisted  upon  is,  that  the  planter  in 
the  southern  portion  of  the  belt  should  consider  the  poisoning  of  the 
worms  as  inseparably  connected  with  and  part  of  the  cultivation  of  cot- 
tOD.  So  many  days'  labor  in  the  year,  and  a  certain  expenditure  of 
money  to  purchase,  prepare,  and  apply  the  poisons,  and  to  buy  and  keep 
m  repair  the  requisite  machinery,  are  inevitable.    In  a  very  favorable 
season  the  poisoning,  it  is  true,  may  not  be  necessary,  but  experience 
very  plainly  indicates  that  no  year  now  passes  when  the  worm  is  not  in- 
jurious in  some  part  of  the  cotton  belt.    Cases  of  complete  or  compara- 
tive immunity  occur  almost  every  year  even  in  the  hibernating  por- 
tion of  the  cotton  belt,  but  as  they  depend  on  locally  restricted  condi- 
tions, the  planters  ought  never  to  rely  upon  them.     It  ought  never  to 
be  forgotten  that  labor  and  money  expended  in  a  judicious  application 
of  poison  are  always  amply  repaid  by  a  corresponding  increase  of  crop. 
The  various  insecticides  now  be  considered  are  divisible  into  two 
classes:  first,  those  which  act  through  the  ETtomach — ^the  arsenical  poi- 
sons, and  some  allied  ones ;  secondly,  those  which  kill  the  worm  uj^n 
Actnal  contact,  such  as  oily  substances  and  pyrethrum.    A  vast  num- 
ber of  other  substances  cannot  at  present  be  brought  under  these  two 
heads,  as  they  are  still  in  the  experimental  stage,  and  many  of  them 
^1,  no  doubt,  upon  further  experimentation,  be  altogether  rejected  as 
of  little  or  no  value.    The  action  of  the  poisons  of  the  second  class  is 
immediate,  but  not  lasting,  the  substances  being  more  or  less  volatile ; 
whereas  the  poisons  of  the  first  class  have  no  immediate  effect,  but  their 
«ction  is  lasting. 

This  difference  in  character  requires  some  modifications  in  the  prac- 
^^eal  application.  The  greater  the  adhesiveness  given  to  the  poisons  of 
^he  first  class,  without  injury  to  the  plant,  the  better;  while  in  the 
Prisons  of  the  second  class  no  such  precaution  is  necessary.  The  use 
'^t  arsenical  poisons  has  the  advantage  that  only  the  enemies  of  the 
slants  are  killed  directly,  though  the  killing  of  birds  and  other  enemies 
^*^  the  worm,  by  eating  it  when  poisoned,  has  occasionally  been  reported, 
^^(xe  insecticides  that  affect  by  contact,  on  the  other  hand,  kill  friend 
^^d  foe  alike.  Other  relative  advantages  and  disadvantages  will  be 
tainted  out  further  on. 

It  is  very  evident,  from  the  habits  of  the  worms,  as  already  detailed, 

'^fcat  the  poisons  of  either  class  will  prove  most  satisfactory  if  applied 

^c)  the  under  side  of  the  leaves ;  and,  as  we  shall  see  in  the  chapter  de- 

'^eted  to  it,  the  recently  invented  machinery  overcomes  the  obstacles 

'Which  were  formerly  in  the  way  of  such  application.    The  importance 

of  an  early  application  of  poison  has  already  (p.  126)  been  pomt^^ouXH 
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Finally,  too  mach  stress  cannot  be  laid  on  the  importance  of  having 
the  materials  ready,  prepared  in  advance,  or  on  their  ose  as  soon  as  the 
eggs  or  young  worms  are  noticed.  It  is  too  often  the  habit  to  wait  antil 
the  plants  begin  to  be  '^  ragged"  before  attempting  to  poison.  The 
operation  is  always  more  costly  and  unsatisfactory  at  this  period,  and 
there  is  danger  that,  with  the  most  strenuous  efforts,  irreparable  dam- 
age will  be  done  before  all  the  cotton  is  gone  over.  It  often  happens, 
also,  since  the  same  influences  cause  the  multiplication  of  the  wonoB 
over  pretty  large  areas,  that  a  sudden  and  general  demand  for  the  poi- 
sons by  those  who  bave  not  previously  laid  in  a  stock  increases  the  price 
or  exhausts  the  market,  so  that  many  are  left  without  hope  of  saving 
their  crop. 

Arsenical  compounds  have  the  acknowledged  disadvantage  of  being 
dangerous  to  man  and  beast.    Some  writers,  taking  a  most  narrow  and 
theoretical  view  of  the  subject,  bitterly  object  to  their  use  on  the  score 
of  their  dangerous  character,  exaggerating  in  their  enthusiasm  the  in- 
jury that  has  resulted  from  their  use.    Not  only  hundreds  of  tons,  baft 
thousands  of  tons  of  these  mineral  poisons,  have  been  employed  during 
the  past  decade  by  farmers  throughout  the  country,  whether  to  protect 
the  potato  crop,  or  the  cotton  crop,  or  other  products  of  the  soil  from 
the  ruinous  attacks  of  insects.    The  general  experience  during  this  long 
period  and  over  the  whole  country  is  so  emphatically  in  fia.vor  of  their 
use  and  their  perfect  safety  and  harmlessness,  with  ordinaiy  precau- 
tions, as  to  render  almost  laughable  the  objections  of  the  few  perspns 
referred  to.    No  advancement,  no  improvement,  no  general  benefit  to 
the  human  race  is  ever  accomplished  without  some  attendant  danger, 
and  those  who  inveigh  against  such  improvements  as  increasing  the 
risks  to  life  stand  on  the  same  footing  as  the  opponents  to  arsenical 
poisons  as  insecticides.    It  is  a  noteworthy  fact  that,  since  we  have  been 
pursuing  this  cotton  insect  investigation,  not  a  single  fatal  case  of 
human  poisoning  by  the  use  of  these  minerals  against  the  worm  has 
come  to  our  notice  from  the  South,  notwithstanding  they  are  often  used 
in  that  section  of  the  country  with  great  recklessness.    Nevertheless, 
it  is  no  uncommon  thing  to  hear  of  partial  poisoning  among  negroes, 
resulting  from  that  indifference  which  comes  from  constant  use,  and  the 
importance  of  care  and  caution  cannot  be  too  strongly  urged,  especially 
near  towns  or  in  thickly  settled  neighborhoods.^ 

None  of  the  correspondents  of  the  Commission  report  serious  injury 
to  man  by  arsenical  poison  in  its  application  for  the  Ck)tton  Worm, 
and  only  one  of  them  reports  directly  a  case  of  poisoning  a  horse  ;.^all 
others  report  such  cases  from  hearsay. 

It  has  been  our  principal  ambition  to  discover  some  substitute  for 
these  poisons  that  shall  be  equally  effectual,  harmless  to  man,  and 
cheaper.  The  experiments  that  have  been  carried  on  by  the  Commis- 
sion with  this  object  have  been  sufficiently  encouraging,  as  the  sequence 


A«Fir:iir4i,  cqhtcc^zss  roK  Kssccfass  rss  vc^uk.     i;r9 


be  uipaieded.  b^ 

appfidDQA  of  f»ftMi  aBsin.3CiI  fii:csieai&.  Aikcmt  <!jsfecvia::;4p^  of 
anaicil  poimK  shocU  be  b«me  3l  u-nf^  t2i^  ;»  si2Stf«^«u:c:.;T  ^^"^  i^ 
eottoo  piiAt  to  thdr  riMirr  jksuol  Uie  kiA^nes  ^^iz^  iDiX^  vv  )es^  K3<^ 
tend  or  bmt  b^  aa  ovciiii3isi&.  wkfjt  ^k^v^ts^  bikt6S«a&s.  SK^iu^nr^  juftd 
ena  yoan^  boik  Bay  be  kfljed  bj  aa  exma^c  $>»  :^^ai  ;lieT  ai^  T:&I;:jaNie^ 
oiteris  pmrAmtf  m  "pmpamaa  m6  vtstj  aie  bAtizjess  to  li^  puir:. 

We  euuMK  gire  ib  umpit  iiBJBbccs  tbe  M:rr.a£«  «;:::4rr:iy  of  ;iuay  %^ 
UiesearaeiiicalponQBstobei^i&dvixkttiKTU^ibepl^  i^ 

tame  tune  with  tiie  degnedeSect  oa  liM  voiss.  T^iis  bd^^e  to:b^  l*c^ 
of  onity  in  the  ^ppUcftliaB  and  coastqmcni  uwiqiial  aoKxi&t^  of  (k^^^ii^ 
mixtues  distdbsted  per  acre.  U.  c:  5-,  by  cme  Badiii^  50  ;:;^v^qs  of 
igiTen  mixtare  aie  distiibated  OTct  one  acie,  while  by  aiKKber  on^ 
10  gaOoDs  are  needed  orer  the  same  area*  it  is  evident  tha(  the  miuiiuum 
quantities  ci  poison  leqniied  per  g:ailon  cannot  be  the  same  iu  both 
cases.  Fnrther,  the  sixe  of  the  i^antss  the  width  of  the  low^  the  ^itaM 
of  the  weather,  the  diaracter  of  the  admixtnies  osed,  all  hare  an  iudu- 
enee  in  detennining  the  minimnm  quantity. 

&e  figures  given  below  most  then^oie  be  considered  as  the  avera^e^ 
derived  partly  fnun  tmstwiMthy  experiments  which  we  have  made^ 
putiyfrcMn  the  rates  which  are  locally  adopted  and  which  have  provetl 
sAtis&etoiy  by  long  prtctioe,  bnt  which  diflfer  widely  in  ttiffeient  parts 
of  tbe  eoontiy.  It  is  to  be  hoped  that  with  the  general  adoption  of 
the  most  improved  machines^  which  distribute  the  mixtures  most  eoo* 
lomicallyy  a  more  uniform  rate  can  be  established. 

The  question  has  been  raised  lately  whether  a  certain  amount  of 
scorching  by  arsenical  poisons  is  really  so  injurious  to  the  plant  as  is 
generally  bdievedi  or  to  put  the  question  in  its  extreme  form,  whether 
ft  strong  overdose  of  poison  does  more  harm  than  the  worms  if  they  are 
ftUowed  to  have  full  sway  f  If  the  worms  are  very  numerous  they  will 
not  only  defoliate  the  plants,  bnt  also  destroy  the  blossoms,  squares, 
And  bolls,  with  the  exception  of  the  largest  of  these  last  They  eat 
the  bark  of  the  more  tender  twigs,  and  they  ver^^  much  injure  the  lint 
of  the  open  bolls  by  the  excrement  and  the  particles  of  gnawed  leaf 
which  fall  thereon,  and  not  only  stain  it,  but  depreciate  its  value,  sinoe 
no  ginning  can  entirely  cleanse  it.  A  strong  overdose  of  poisou  kills 
the  leaves  and  causes  the  blossoms  and  squares  to  drop,  but  does  uoi 
80  seriously  affect  the  bolls.  Fields  stripped  by  the  worms  the  latter 
part  of  August  do  not  fully  recover  till  about  two  mouths  alterwards, 
while  those  which  have  been  seriously  injured  by  poison  recover  two 
weeks  earlier.  It  will  thus  be  seen  that  the  injury  caused  by  the  worm 
is  of  a  more  serious  nature  than  that  caused  by  arsenical  poisons,  pro- 
vided that  the  worms  have  been  all  killed  by  the  poison.  A  small  over- 
doee  of  poison  blisters  or  scorches  the  leaves,  or,  at  worst,  kills  the 


140      BEPOBT   4,    UNITED   STATES   ENTOMOLOGICAL   COMMISSION. 

more  tender  leaves ;  bat  it  has,  so  far  as  oar  experience  goes,  no  iDfla- 
ence  on  the  nnopened  blossoms,^  the  sqaares  and  bolls,  and  this  slight 
iigary  is  mach  less  serioas  than  that  which  wonld  have  been  caused 
by  the  worms.  With  the  improved  machines  and  with  some  practici 
the  best  arsenical  poisons  can  always  be  so  applied  that  they  will  effecl* 
aally  destroy  the  worms  within  forty-eight  hoars  and  withoat  iojary  to 
the  plants.  If  the  plant  be  injared  to  any  considerable  extent  the 
fknlt  will  lie  either  in  the  mode  of  application  or  in  the  inferior  quality 
of  the  poison. 

Most  of  these  arsenical  poisons  can  be  applied  to  the  leaves  either  in 
water  or  dry,  bat  some  of  the  compoands  are  prepared  so  as  to  be  used 
only  in  the  former  manner. 

Dby  APPLICATION. — ^When  applied  in  powder  the  poison  must  be 
mixed  with  other  ingredients,  in  order  to  render  it  safficiently  econom- 
ical and  to  avoid  injury  to  the  plant.  The  ingredients  shoald  mix  readily 
with  the  poison;  they  shoald  be  cheap  and,  in  the  application  from 
above,  as  far  as  possible  adhesive,  in  order  to  prevent  their  being  washed 
away  by  the  rains.  Of  the  various  ingredients  that  have  been  used  with 
success  common  flour  gives  most  satisfaction,  though  it  is  somewhat 
expensive.  Flour  not  only  mixes  most  readily  and  homogeneously 
with  the  poison,  but  possesses  also  great  adhesive  qualities,  even  with^ 
oat  farther  admixtures.  Other  materials  used  with  success  as  dilu 
ents  are  land  plaster  (gypsum)  and  cotton-seed  meal,  both  being  ver] 
cheap  in  some  sections  of  the  South,  and  to  be  recommended  dnrinj 
dry  weather,  but  having  the  disadvantage  of  being  much  less  adhesive 
than  flour.  Both  materials  can,  however,  be  advantageously  used  whei 
mixed  with  the  flour,  the  proportion  being  immaterial,  provided  th< 
flour  occupies  the  greater  bulk.  Finely-sifted  wood  ashes  are  not  readily 
mixed  or  kept  mixed  with  the  much  heavier  arsenical  poisons,  and,  hav 
ing  little  adhesiveness,  are  not  to  be  recommended  alone,  but  are  im 
portant  when  combined  with  flour. 

By  the  admixture  of  about  one-third  of  wood  ashes  to  two-thirds  o 
flour,  the  cost  of  the  application  is  not  only  considerably  lessened,  bu 
another  important  advantage  is  obtained.  The  action  of  rain  and  dei 
converts  the  flour  on  the  plants  into  a  kind  of  paste,  which,  while  it  ad 
heres  firmly  to  the  le^aves,  is  somewhat  injurious  by  excluding  the  ai 
and  by  increasing  the  caustic  action  of  the  poison.  Both  these  difBicu 
ties  are  measurably  overcome  by  the  admixture  of  wood  ashes,  and  th 
good  results  obtained  in  Texas  in  the  application  of  various  arsenics 
poisons  are  largely  due  to  the  prevalence  of  the  use  of  such  ashes,  j 
good  snpply  can  be  collected  daring  the  winter,  at  no  expense  and  wit 
but  little  trouble. 

The  substitution  of  common  road  dust  for  the  diluents  mentione 
above  has  been  taken  into  consideration,  and  we  have  carried  on  exper 
ments  as  to  its  feasibility.  The  results  show  that  very  flnely-siftjft 
aust^  wnicn  contains  as  nttle  sana  as  possiuie,  may,  it  notmng  else  is  a 
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liaiidfbeiiaedasadfloentylHit  that  it  is  a  poor  sabstitute  fi>r  floor.  Its 
chief  demerit  is  its  greater  weight,  which  renders  the  application  both 
ioconTenient  and  wastefnL 

Before  applying  any  poison  in  powder  form  it  most  be  mixed  with 
some  of  the  diluents  already  mentioned.  This  mixing,  generally  done 
by  tanners  in  a  most  primitive  way  by  simply  stirring  the  poison  into  a 
kettle  or  wooden  box  fnU  of  floor  or  other  diloent,  is  a  matter  of  no 
small  importance,  as  the  soccess  or  failore  of  the  application  largely 
depends  on  the  way  in  which  the  mixing  has  been  done. 

Mr.  George  Little,  of  Golombos,  Tex.,  has  constrocted  a  very  simple 
and  Qsefdl  contrivance  for  mixing  the  ingredients.  It  consists  of  a  bar- 
id  which  has  a  longitodinal  wooden  axle  projecting  somewhat  at  each 
eDd.  Five  or  six  staves  ran  throogh  the  barrel  longitodinally,  bat  do 
iH)t  project  at  either  end,  and  on  one  side  is  an  apertare  large  enough  to 
admit  the  ingredients.  When  they  are  in,  the  apertare  is  closed  and  the 
barrel  ib  placed  over  a  large  open  box,  or  fixed  in  anyway  so  Uiat  it  can 
be  revolved  by  means  of  a  handle  attached  to  the  projecting  axle.  By 
this  simple  and  cheap  contrivance  much  labor  is  saved  and  a  thorongh 
mixing  sssored,  while  all  possible  danger  which  might  be  incurred  by 
haDdmixing  is  avoided.  Large  spikes  driven  through  the  sides  80  as 
to  project  inwardly  will  add  to  the  efficacy  of  the  device. 

In  the  matter  of  applying  the  powder,  many  planters  prefer  simply 
to  scatter  it  by  hand,  after  the  manner  of  seed-sowing,  as  being  more 
economical  and  rapid  than  any  other  method  in  use.  It  has,  moreover, 
the  adrantage  that,  if  the  plants  are  high  enough,  the  poison  can  bo  ap- 
plied to  the  onder  .side  of  the  leaves.  Planters  who  use  this  method 
u^ertjupon  inquiry,  that  no  evil  consequences  have  ever  followed  their 
handling  of  the  mixture  in  this  way,  but  it  strikes  us  as  being  altogether 
too  unsafe  to  be  recommended,  and  cannot  compare  on  a  large  scale 
with  the  devices  described  in  the  ensuing  chapters. 

The  principal  expense  in  the  dry  application,  as  hitherto  practised^ 
consists  not  so  much  in  the  cost  of  the  poison  as  in  that  of  the  diluents, 
iod  it  occurred  to  us  to  try  and  reduce  the  amount  of  these  diluents  to 
i  minimum  or  to  dispense  with  them  altogether  by  ax)plying  the  re- 
QQired  amount  of  poison  unmixed.  The  experiments  made  in  this  di- 
lection  have  not  been  satisfactory  for  want  of  suitable  machinery,  the 
Affloant  of  poison  used  for  each  plant  being  always  too  large  and  not 
evenlj  distributed.  They  prove,  however,  that  with  our  improved  blow- 
^  much  may  be  done  in  the  direction  of  reducing  the  diluent. 

In  the  application  from  above  it  has  been  found  useful  to  add  a  cei • 
^  amount  of  finely-powdered  substances  of  still  greater  adhesive 
QiuUities  than  is  possessed  by  any  of  the  diluents  mentioned,  in  order 
to  prevent  the  poison  from  being  washed  away  by  the  rain.  Such  sub- 
^ees  are  dextrine,  gum  arabic,  slippery-elm  bark,  or  rosin.  In  very 
^y  weather  it  is  better  to  add  a  larger  proportion  of  them  than  in  dry 
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weather.  Two  ponnds  of  adhesive  material  to  each  25  pounds  of  poiso 
and  dilaents  may  be  given  as  an  average  proportion. 

The  principles  that  should  be  followed  in  the  dry  application  are,  t 
mix  the  poison  thoroughly  with  the  dilnents,  and  to  apply  the  mLctan 
as  evenly  and  slightly  as  possible  on  the  plants  when  the  worms  are 
still  very  young.  The  best  time  of  the  day  to  apply  the  poison  is  earlj 
in  the  morning  when  the  plants  are  still  wet  with  dew.  Dry  and  windy 
wQather  is  unfavorable  to  an  even  and  economical  application. 

Wet  APPLICATION. — This  is  a  much  simpler  process  than  the  dry 
application.  The  required  amount  of  poison  is  stirred  up  in  a  certain 
amount  of  water,  the  liquid  being  then  evenly  and  economically  dis- 
tributed upon  the  leaves  of  the  plants.  The  large  series  of  machinee 
invented  for  this  purpose  a4MK)mplish  this  in  a  more  or  less  perfect  way, 
the  water  being  broken  up  into  a  very  fine  spray.  Most  of  the  arseni- 
cal poisons  not  being  soluble  in  water  must  be  kept  suspended  by  stir- 
riugy  but  this  difBiculty  is  easily  overcome  either  by  the  employment  of 
an  additional  hand  to  keep  the  water  stirred  up  or  by  adding  to  the 
various  pumps  with  which  the  poison  is  distributed  a  simple  self  acting 
lever  inside  of  the  barrel  or  other  vessel  containing  it.  This,  togethez 
^th  the  motion  of  the  pump,  is  sufficient  to  prevent  settlement  It 
pays  to  add  two  or  three  pounds  of  flour  or  starch  to  each  barrel  of  the 
poison  mixture,  not  only  because  of  the  greater  adhesiveness  which  thej 
give  to  the  poison  (a  very  desirable  object,  especially  in  wet  weather) 
but  because,  by  their  color,  they  help  to  indicate  the  quantity  tha 
has  been  distributed,  and,  also,  because  they  serve  to  keep  the  poisoni 
suspended  in  the  water.  In  using  flour  it  will  be  found  advisable  t< 
mix  it  first  in  a  bucketful  of  water  and  allow  it  to  remain  until  it  soon 
the  object  being  to  prevent  it  from  forming  lumps.  Another  ingredieo 
that  may  be  advantageously  added  is  very  finely  sifted  wood  ashas  i 
such  quantity  as  not  to  interfere  with  the  distribution  of  the  poisoi 
They  tend  to  lessen  the  caustic  action  of  the  poison  on  the  plant.  Th 
most  important  point  in  wet  applications  is  to  have  a  good  supply  ( 
water  handy  and  readily  accessible  near  the  field,  and  it  should  be  a 
free  as  possible  from  impurities. 

The  best  time  for  applying  wet  poisons  is  in  the  afternoon,  or  i 
least  after  the  dew  has  disappeared.  Dry  weather  is  the  most  favon 
ble,  while  in  rainy  weather  the  wet  application,  especially  from  abovi 
should  not  be  attempted. 

The  relative  advantages  and  disadvantages  of  the  two  methods  < 
applying  arsenical  poisons  may  be  briefly  summed  up  as  follows :  Tl 
wet  application  is  by  far  the  cheaper  so  long  as  we  are  obliged  to  m 
a  large  amount  of  costly  diluents  in  the  dry  application.  It  is  also  tl 
quickest  method,  as  a  liquid  spray  can  be  thrown  over  more  rows  < 
cotton  than  a  dry  powder.  During  dry  weather  the  wet  applicatio 
is  preferable,  while  in  rainy  weather  the  dry  application  may  be  foun 
more  advantageouB  or  even  necessary^  not  only  because  its  effect  is  le< 
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impaired  by  the  rains,  bat  becaase  dry  poisons  can,  if  necessary,  be  ap- 
plied without  the  aid  of  heavy  machines,  which  cannot  be  drawn  tbrough 
the  fields  in  very  wet  weather.  Dry  arsenical  poisons,  especially  when 
mixed  with  dilnents,  are  mach  less  liable  to  injare  the  plants  than  when 
^>jllied  in  liquid  suspension. 

PARIS  GREEN. 

The  nature  and  effects  of  this  poison  are  now  too  well  and  generally 
known  among  planters  to  need  consideration.  Planters  have  too  ofteu 
band  in  its  use  a  path  leading  from  threatened  ruin  and  bankruptcy  to 
be  much  influenced  by  theoretical  arguments  against  it.  A  study  of 
its  effects,  based  upon  experience  and  experiment,  whether  upon  the 
plant  or  upon  the  soil,  shows  that  no  harm  results  from  its  judicious  use.* 
Oor  expectations  in  first  suggesting  its  use  as  a  Cotton  Worm  destroyer 
at  the  Saint  Louis  meeting  of  the  National  Agricultural  Congress,  in 
1872,  and  more  confidently  recommending  it  before  the  same  body  at 
Indianapolis,  in  1873,  have  been  fully  realized  by  the  experience  of  the 
pant  seven  years.  Complaints  of  its  inefflcacy  are  readily  traceable 
either  to  faulty  application  or  to  the  use  of  an  adulterated  article.  Its 
principal  disadvantages  are  its  great  cost,  often  increased  by  the  ex- 
orbitant profits  demanded  by  merchants,  and  the  consequent  temptation 
to  adnlterate  or  imitate  the  genuine  article.^''  Its  advantage  over  the 
other  arsenical  poisons,  besides  its  undoubted  efficacy,  is  that  it  is  least 
liable  to  scald  the  leaves  and  cause  the  young  bolls  to  shed. 

If  nsed  in  liquid  suspension  the  amount  of  the  green  to  be  distributed 
over  one  acre  should  not  exceed  one  pound  or  be  not  less  than  half  a 
ponni  The  former  amount  is  that  more  generally  used,  but,  taking 
into  acooant  the  wastage  and  loss  through  rain  or  dew,  the  actual  work- 
ing quantity  per  acre  is  not  much  above  one-half  pound.  The  generally 
Aoc^ted  practice  has  been  to  take  1  pound  of  the  green  to  each  40  gal- 
lons of  water,  which  amount  of  water  was  sufficient  to  go  over  one  acre 
^hep  applied  from  above  in  a  moderately  fine  spray  or  rain. 

The  great  advantage  of  the  improved  methods  of  application  given  in 
thiB  report  is  that  they  extend  a  given  amount  of  liquid  poison  over 
mor^  than  three  times  the  area  without  loss  of  efficacy,  and  thereby  re- 
dooe  the  cost  to  less  than  one-third  of  what  it  hitherto  has  been. 

If  the  green  were  as  cheap  as  the  other  arsenical  poisons,  this  saving 
wodld  he  of  little  consequence;  but,  as  the  matter  stands,  it  is  of  the 
greatest  imi>ortance,  as  will  be  seen  firom  the  following  computation : 
^he  price  of  Paris  green  in  the  South  averages  40  cents  per  pound,  being 
fa^ly  lower,  and  in  times  of  general  demand  reaching  as  high  as  75 
^tfl  or  $1  per  pound.  We  arrive  at  the  cost  of  the  wet  application  per 
*cte^by  adding  to  the  cost  of  the  poison  and  admixture  that  of  the  ma- 


*  A  ^Hfmmriffn  of  this  saljeot  will  1m  fovnd  is  »  work  by  the  writer  entitled  "  Potato  P««te,"  ^v* 
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chine  and  tiie  labor.  Both  of  the  last  two  items  are  extremely  variable 
and  it  is  difficult  to  get  at  the  average  cost.  One  of  the  improve 
sprinklers  will  cost,  on  an  average,  say,  $15,  and  will  last  for  severa 
seasons  with  bat  little  exx)enditnre  for  repairs.  Two  hands  are  neoes 
sary  to  operate  the  machine.  One  hundred  acres  of  cotton  can  Ix 
poisoned  in  a  day  by  these  two  men  with  one  machine,  16  pounds  o. 
Paris  green,  and  (not  absolutely  necessary)  a  small  amount  of  flour  and 
ashes. 

This  dry  method  of  applying  Paris  green  has  proved  satisfactory 
under  the  conditions  already  referred  to  whenever  a  genuine  article 
has  been  obtained  and  properly  applied.  Beported  cases  of  failure  most 
be  attributed  to  adulterated  poison,  or  to  the  use  during  very  ¥et 
weather  of  ingredients  of  inferior  quality.  The  proportion  of  the  green 
to  the  ingredients  actually  in  use  in  the  South  varies  firom  1  p^undof 
the  green  to  20  pounds  of  ingredients,  to  I  pound  of  green  to  about  35 
pounds  of  ingredients,  the  stronger  mixture  being  generally  adopted  in 
Texiis,  the  weaker  in  the  more  eastern  portion  of  the  cotton  belt.  This 
great  difference  is  partially  explained  by  the  fact  that  the  mixture  is  as 
a  rule  more  economically  applied  in  Texas  than  further  east.  The  origi- 
nal idea  was  to  distribute  1  pound  of  the  green  over  one  acre  of  cottx)ii 
of  average  size,  and  by  a  very  slow  and  careful  manipulation  of  the 
sieves  it  is  indeed  barely  possible  to  accomplish  this  satisfactorily  if  20 
pounds  of  ingredients  are  added.  Practically,  however,  the  amount  ol 
the  mixture  used  per  acre  always  exceeds  30  pounds,  and  often  reaches 
50  pounds  or  even  more.  This  great  waste  is  the  necessary  consequence 
of  the  imperfect  implements  that  have  been  employed  so  far,  and  par 
tially  also  of  the  carelessness  of  the  hands.  The  small  tin  sieves  so  ex 
tensively  used  in  the  cane  -brake  region  of  Alabama  are  especially  waste 
ful  in  the  distribution  of  the  mixture,  and  one  barrel  (almost  200  pounds 
is,  on  some  plantations,  not  expected  to  go  over  much  more  than  thru 
acres.  That  1  pound  of  the  green  to  30  pounds  of  diluents  applied  ai 
the  rate  of  not  more  than  20  pounds  to  the  acre  is  efficient  has  beei 
proved  by  actual  experience  over  and  over  agaii^  and  all  stronger  ad 
mixtures  of  the  green  should,  therefore,  be  abandoned.  But  in  ever] 
application  of  this  mixture  during  dry  weather  another  point  of  stil 
greater  importance  can  be  learned :  Wherever  the  mixture  is  appliec 
vetry  slightly,  so  as  to  be  a  mere  dusting  of  the  leaves,  it  is  fully  as  effi 
dent  as  where  it  thickly  covers  the  plant.  One  of  the  chief  aims'wi 
have  had  in  mind  has  been  to  ascertain  by  experiment  the  minimtin 
quantity  of  the  poison  that  could  advantageously  be  used,  and  Mi 
Schwarz  was  intrusted  with  experiments  in  this  direction.  He  repoYti 
M  follows: 

^^Minimum  quantity  of  Paris  green. — ^That  the  method  of  applying  dry 
poisons  by  means  of  common  bread-sieves,  and  still  more  by  means  o 
small  tin  sieveS;  is  a  veiy  wasteftd  one,  needs  no  fhrther  remark,  and  i 
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large  series  of  trials  with  poisous  iu  powder  form  coDvinced  me  that 
this  waste  cannot  be  materially  lessened  by  a  careful  handling  of  the 
sieve,  or  by  employing  several  more  layers  of  muslin  in  addition  to  the 
one  or  two  now  generally  used.  Application  by  means  of  the  beUows 
is  too  irregular,  while  application  with  the  hand  is,  with  some  practice^ 
considerably  less  wasteful. 

^^The  most  economical  distribution  of  the  mixture  I  could  devise,  for 
experiments  on  a  small  scale,  was  by  means  of  a  stiff  brush.  A  com- 
mon shoe-brush  is  dipped  in  a  flat  vessel  containing  the  mixture.^  The 
greatest  portion  of  the  adhering  poison  is  then  shaken  off  by  knocking 
with  a  stick  on  the  handle  of  the  brush.  The  still  adhering  i>oison  is 
then  thrown  on  the  plants  by  drawing  a  stick  across  the  brush.  The 
poison  can  thus  be  applied  from  any  direction,  and  the  amount  be  reg- 
ulated at  will.  Three  average-sized  plants  were  accordingly  dusted  on 
September  2 ;  the  first  very  slightly  from  above,  the  two  others  from 
below.  In  applying  from  below,  the  poison  finally  covers  both  the  un- 
derside as  well  as  the  upper  side  of  the  leaves.  I  am  quite  unable, 
however,  to  calculate  the  amount  of  poison  mixture  I  used,  but  it  is  cer- 
tain that  each  plant  did  not  receive  the  tenth  \ysLTt  of  the  amount  it 
would  have  received  in  the  applications  with  the  sieve.  The  plants 
were  dusted  early  in  the  morning,  the  poison  adhering  very  well  also  to 
the  QDderslde  of  the  leaves.  There  were  numerous  worms  on  all  plants 
at  this  time,  while  others  were  continually  hatching.  A  moderate  rain 
shower  about  six  hours  aft^er  application  washed  off  most  of  the  poison 
Applied  fi-om  above,  while  it  had  but  little  influence  on  that  applied 
from  below.  However,  wherever  there  were  holes  in  tbe  leaves,  the 
poison  on  the  underside  was  converted  into  paste,  and,  in  a  few  places, 
▼ashed  away. 

"The  application  on  the  first  plant  proved  to  be  of  very  little  use, 
though  I  found  three  dead  worms  under  the  plant  next  morning.  The 
two  other  plants  were,  however,  fully  protected  for  about  five  days,  and 
almost  entirely  cleared  from  the  worms,  when  the  migratory  worms  over- 
ran them.  Against  the  superior  number  of  these  worms  tlie  poison 
vas  of  no  avail,  though  a  vast  number  of  them  were  killed  before  the 
plants  were  stripped.  I  have  not  the  slightt^st  doubt,  however,  that  in 
ordinary  times  such  slight  application  of  dry  Paris  green  from  below  is 
fully  snflBcient  to  protect  the  plants.'' 

That  such  application  from  below  is  not  only  practically  possible,  but 
can  be  effected  much  more  rapidly  than  the  sieving  method,  will  be  de- 
monstrated further  or  in  discussing  the  machines  invented  for  this  pur- 
lK)se.  The  adoption  of  the  new  machines  will  considei-ably  reduce  the 
cost  of  the  dry  application  of  Paris  green  without  iu  the  least  lessening 
its  efficacy.  Its  cost  per  acre  of  cotton,  when  applied  with  the  sieve, 
^nges  from  75  cents  to  $2,  according  to  tbe  first  cost  of  material  and 
(different  modes  of  application,  or,  again,  to  the  size  of  the  plants  at  the 
time  of  the  application. 

63  CONQ 10 
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Five  patents  have  been  issaed  for  different  combinations  with  Paris 
green.  In  1868  Mr.  J.  P.  Wilnon,  of  Illinois,  took  oat  a  patent  (No. 
824G8)  for  one  part  of  Paris  f^reen  and  two  of  mineral  paint  to  be  nsed 
to  kill  potato-bngs.  In  1871  Mr.  Lemuel  Pagin,  of  Niles,  Mich.,  claimed, 
a  mixture  (patent  No.  112732:  Paris  green,  2  pounds;  rosin,  2^  pounds; 
gum  arabic  or  slippery -elm,  {  pound;  wheat- flour,  5  pounds;  middlings^ 
1  bushel)  for  the  same  purpose.  In  1873  Mr.  G.  F.  Wbisenant,  of  Chapel 
Hill,  Texas,  obtained  a  patent  (No.  134059:  Paris  green,  i  pound ;  arsenic. 
1  pound ;  lime,  26  pounds,  and  flour  5  pounds)  for  destroying  caterpillars 
on  cotton.  In  the  same  year  Mr.  William  B.  Royall,  of  Brenham,  Tex., 
obtained  patent  for  the  same  puri>ose  (No.  140079,  June  17, 1873),  the 
ingredients  being  Paris  green,  1  pound;  cobalt,  2  ounces;  flour,  17 
pounds;  powdered  gum  tragacanth,  3  ounces;  powdered  licorice  root, 6 
ounces;  and  subsequently  still  another  (No.  151439,  May  26, 1874:  Paris 
;green,  1  pound ;  flour,  4  pounds;  cotton-seed  meal,  16  pounds)  for  the 
substitution  in  part  of  cotton-seed  meal  for  ordinary  flour. 

Regarding  these  patent  mixtures  it  must  be  borne  in  mind  that  the 
Talne  of  Paris  green  with  some  diluent  as  an  insecticide  had  been  widely 
made  public  before  any  of  them  were  issued,  and  we  can  but  repeat  our 
previously  expressed  opinion*  that  **it  is  to  be  regretted  that  patents 
«an  be  obtained  at  all  for  remedies  of  this  nature  after  they  have  become 
.generally  known  and  rightfully  belong  to  the  public.  When  the  dis- 
-coverer  of  such  a  remedy  does  not  see  flt  to  patent  it,  no  one  subse- 
sequently  has  a  moral  right  to,  whatever  speculative  right  he  may  pos- 
^sess.  Fortunately,  in  this  case  the  patentees  cannot  interfere  with  the 
3)ublic  rights,  and  it  is  be  to  hoped  that  no  planter,  either  of  potatoes 
or  cotton,  will  be  induced  by  flaming  circulars  and  threats  to  pay  even 
one  cent  per  thousand  acres,  much  less  the  demanded  $20  per  100  aci^s, 
for  the  privilege  of  using  these  patented  mixtures.  The  very  fact  that 
«o  many  patents  have  been  granted  for  the  same  purpose,  all  of  them 
having  Paris  green  as  a  base,  shows  clearly  that  the  patent  povers  only 
the  particular  combination.  By  ringing  the  changes  on  the  different 
3>roi)ortions  of  the  several  ingredients,  a  thousand  of  these  patent  rem- 
edies may  be  obtained ;  and  any  one  who  diverges  but  a  fraction  from 
the  particular  patented  combination  ceases  to  infringe  upon  it.  It  will 
therefore  be  utterly  imiK)8sible  for  the  patentees  to  enforce  the  }>enalty 
for  infringement  without  proof  that  precisely  the  same  ingredients  and 
combination  as  patented  were  used;  and  to  get  such  proof  will,  I  take 
it,  be  no  Ciisy  matter;  for  were  it,  we  should  hear  of  hundreds  of  thou- 
sands, of  prosecutions  where  now  we  hear  not  of  a  single  one." 

Experience  has  justified  this  advice;  for,  while  immense  sums  have 
been  paid  by  planters  to  some  parties  for  the  right  to  use  Paris  green 
mixtures,  the  patentees  have  been  unable  to  get  protection  from  the 
courts  whenever  they  have  sued  for  infringement  in  the  independent 

*  sixth  Bep.  ItM.  Mo.,  1878,  p.  21. 
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use  of  them  by  plaoten.  The  letter  of  the  law  too  ofteu  negatives  the 
spirit  of  the  law^and  it  Beems  that  the  Patent  (MBoe  has  been  forced  to 
issae  the  patents  above  alluded  to  on  the  ground  and  decision  that  any 
change  in  the  compoonds  of  a  mixture  makes  of  it,  in  law,  a  new  sab- 

atanoe. 

ABSENIC. 

While  commercial  arsenic,  salts  of  arsenic,  and  thw  Tarioas  com- 
pounds  are  mnch  cheaper  than  Paris  green,  yet  this  advantage  is 
more  than  connterbalanced  by  the  injarions  property  they  possess,  in 
a  more  or  less  marked  degree,  of  scalding  the  leaves  and  causing  the 
squares  and  young  bolls  to  shed.  Moreover,  on  account  of  their  white 
color,  there  is  more  danger  of  injury  to  man  and  animals  in  their  use 
than  in  that  of  colored  preparations,  which  are  less  likely  to  be  mis- 
taken for  harmless  substances.  Great  care  and  precaution  are,  there- 
fore, necessary  in  applying  these  arsenic  poisons.  When  applied  in 
just  the  right  proportions  to  kill  the  worms  without  injuring  the  cotton 
they  are  valuable  substitutes  for  the  more  expensive  Paris  green,  but 
nnfortanately  thef  e  proportions  vary  with  each  particular  combination, 
the  condition  of  the  plants,  temperature,  and  weather,  and  time  of  ap- 
plication, so  that  they  can  be  satisfactorily  ascertained  only  by  abso- 
lute experiment. 

It  18  for  this  reason  that  the  Paris  green  mixtures  have  held  their 
own  against  the  cheaper  compounds,  and  most  planters,  even  where 
these  last  are  used,  find  it  desirable  to  still  mix  a  certain  proi)ortion  of 
tiie  green  with  them. 

The  cheapness  of  the  arsenic,  combined  with  the  fact  that  under  very 
filvorable  circumstances  it  is  not  uncommonly  applied  with  snccess,  will 
giTe  to  it  a  conspicuous  place  among  the  remedies  for  the  Cotton  Worm, 
80  long  as  mineral  poisons  are  not  superseded  by  others.  The  high 
price  asked  for  some  of  the  patented  compounds  is  entirely  unwarranted, 
afl  their  vsdne  in  every  case  depends  on  the  arsenic. 

Commercial  araenic,  costing  fh>m  7  to  10  cents  per  pound,  is  applied 
in  powder  form  at  the  ratio  of  }  pound  to  fh>m  18  to  25  of  any  of  the 
iiigredients  used  with  Paris  green.  Used  in  water,  these  arsenic  com< 
pounds  give  less  satisfaction  because  of  the  dangers  to  the  plant  already 
blinded  to,  which  are  then  increased.  Counting  40  gaUons  of  liqaid  for 
one  acre  of  cotton,  the  arsenic  used  should  not  exceed  1  pound  to  200 
gallons  of  water;  and  this  mixture  must  be  very  evenly  distributed,  as 
oven  a  slight  overdose  will  scorch  the  leaves.  It  is  an  interesting  fact 
that  already  in  1871  a  patent  was  obtained  for  the  use  of  arsenic  against 
the  Cotton  Worm  by  Mr.  Thomas  W.  Mitchell,  of  Richmond,  Tex.  (No. 
U0774,  January  3, 1871 ;  reissue  No.  5935,  June  30, 1874 :  92  grains  of 
opaqne  arsenic,  or  293  grains  of  transparent  arsenic  to  one  pint  of 
water). 

^nmiate  of  «oda.— This  has  the  advantage  of  being  pett%c,\Vs  '^^ 
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uble  in  water,  but  has  the  same  disadvantages  as  commercial  arsenic. 
For  a  namber  of  years  an  arsenical  compound  has  been  advertised  un- 
der the  name  of  •*  Potato-pest  poison,"  by  the  Lodi  Chemical  Works  oi 
Lodi,  N.  J.  It  is  put  up  in  pound  packages,  which  are  sold  at  $1  each, 
with  directions  to  dissolve  4  ounces  in  2  quarts  of  hot  water,  then  pom 
into  a  barrel  containing  30  gallons  of  cold  water,  and  use  on  the  plants 
in  as  fine  a  spray  as  possible. 

The  common  arsenic  water,  which  every  druggist  knows  how  to  make 
will  answer  well.  To  msike  it  from  the  white  arsenic  (arsenions  acid 
and  common  baking  (carbonate  of)  soda  is  cheaper  than  to  buy  tta 
arseniate,  although  the  arseniate  method  of  preparation  involves  lest 
time  and  labor.  One-tifth  of  a  pound  of  sal  soda  to  a  pound  of  arsenic 
should  be  boiled  in  a  gallon  of  water  until  dissolved.  The  solution  is 
permanent,  no  stirring  or  shaking  being  necessary  to  keep  the  poison 
mixed.  One  quart  of  the  solution  to  forty  gallons  of  water  is  used  on 
each  acre. 

Fowler^s  solution, — ^This  compound  is  said  to  consist  of  arsenions  ox- 
ide, dissolved  in  a  solution  of  sodium  or  potassium  carbonate  in  water. 
It  has  been  used  quite  extensively  in  some  parts  of  the  canebrake  re- 
gion of  Alabama,  but  does  not  appear  to  be  patented. 

A  more  complicated  comiiound,  ^^  Johnson's  Dead  Shot,"  has  been 
patented  by  Judge  J.  W.  Johnson,  of  Columbus,  Tex.  (No.  151,666,  June 
2, 1874),  consisting  of  8  ounces  arsenions  acid,  1  ounce  cyanide  of  po- 
tassium, 8  ounces  dextrine,  dissolved  in  40  gallons  of  water.  Jne  of 
the  claims  for  this  compound  was  that  the  vapor  of  the  cyanide  of  po- 
tassium even  killed  the  moths  which  came  in  the  vicinity  of  the  ])lanta 
that  had  been  sprinkled  with  the  ''Dead  Shot."  Experience  has  shown 
that  the  claim  was  unwarranted,  and  in  fact,  in  the  packages  offered  to 
the  public.  Judge  Johnson  did  not  adhere  to  the  specification,  being 
finally  afraid  to  use  the  cyanide  of  potassium,  and  making  a  mixture 
composed  of  3  pounds  of  commercial  arsenic,  1  pound  of  starch,  1  pound 
of  salts  of  tartar,  ground  up  together.  This  was  made  up  in  powder 
packages,  to  be  used  at  the  rate  of  5  pounds  to  500  gallons  of  water, 
and  sprayed  by  means  of  his  patent  sprinkler  presently  to  be  described. 
This  was  found  to  have  the  same  drawback,  common  to  arsenical  mix- 
tures, of  injuring  the  plant,  and  the  later  packages,  advertised  under 
the  name  of  ''  Johnson's  Improved  Dead  Shot,"  put  up  in  4-pound  tin 
boxes,  and  to  be  used  at  the  rate  of  4  pounds  to  500  gallons  of  water, 
consist  (according  to  the  inventor's  own  statement  to  us)  of  2  pounds 
of  commercial  arsenic  with  a  due  proportion  of  rosin,  caustic  soda,  and 
sulphate  of  copper,  all  boiled  together.  This  is  sold  at  $1.25  per  box. 
It  has.  however,  proved  too  often  unsatisfactory  and  inefficient,  and 
Mr.  Johnson  has  been  obliged  to  add  or  recommend  the  addition  of  one 
pound  of  Paris  green  to  the  mixture. 

A  patent  (No.  151078,  May  19, 1874)  was  obtained  by  Messrs.  J.  D 
Brabam  and  A.  Bobira,  of  Galveston^  Tex.,  for  their  ^<  Texas  GoTTO^ 
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WoBM  Destboteb,"  which  is  essentially  the  same  as  the  Lodi  prepa- 
ration, and  pot  op  at  the  Kew  Jersey  works  for  the  Galveston  firm. 
Fifty  grains  of  arseniate  of  soda  and  200  grains  of  dextrine  are  to  be 
dissolved  in  one  gallon  of  cold  water.  The  mixtore  formerly  sold  at  the 
exorbitant  price  of  $1  per  ponnd,  and  is  now  offered  for  50  cents  per 
pound.  It  18  put  up  in  packages  of  60  and  100  pounds,  and  thus  sold 
at  a  discount  of  10  per  cent.  It  is  to  be  used  at  the  rate  of  4  ounces  of 
the  mixture  to  about  40  gallons  of  water,  making  the  cost  of  one  ap- 
plicatioQ  per  acre  about  12^  cents.    It  has  been  extensively  used. 

Another  *^  pest  poison,"  also  essentially  the  same  as  the  Lodi  prepa- 
ration, but  faintly  colored  with  rose  aniline,  is  put  up  by  the  Kearney 
Chemical  Works  of  New  York,  in  ^-pound  packages,  sold  at  50  cents, 
and  to  be  dissolved  in  60  gallons  of  water. 

LONDON  PUBPLfi. 

This  powder  is  obtained  in  the  following  manner  in  the  manufacture 
of  aniline  dyes :  Crude  coal-oil  is  distilled  to  produce  benzole.  This  is 
mixed  with  nitric  acid,  and  forms  nitro-beuzole.  Iron  filings  are  then 
used  to  produce  nascent  hydrogen  with  the  excess  of  nitric  acid  in  the 
benzole.  When  distilled,  aniline  results :  to  this  are  added  arsenic  acid, 
to  give  an  atom  of  oxygen  which  prodtlces  rose  aniline,  and  quicklime 
to  absorb  the  arsenic.  The  residuum  which  is  obtained  by  filtration  or 
settling  is  what  has  been  denominated  ^^  London  purple,"  the  sediment 
being  dried,  powdered,  and  finely  bolted.  The  powder  is,  therefore, 
oomposed  of  lime  and  arsenious  acid,  with  about  25  per  cent,  of  car- 
bonaceous matter  which  surrounds  every  atom.  Experiments  which 
remade  with  it  in  1878  impressed  us  favorably  with  this  powder  as  an 
insecticide,  and  its  use  on  the  Colorado  potato-beetle  by  Professors 
Bndd  and  Bessey,  of  the  Iowa  Agricultural  College,  prored  highly  satis- 
fectory.  We  were,  therefore,  quite  anxious  to  test  its  effect  on  the  Cotton 
Wonn  in  the  field  on  a  large  scale,  and  in  the  winter  of  1878-'79  induced 
the  manufacturers  to  send  a  large  quantity  for  this  purpose  to  the  De- 
partment of  Agriculture.  The  analysis  made  of  it  by  Professor  Collier, 
the  chemist  of  the  Department,  showed  it  to  contain : 

Per  cent. 

Boee  aniline 12.46 

^nicacid 43.65 

Lime 21.82 

^Molnblerewdae.l 14.57 

Inmoxide 1.16 

Water 2.27 

Us 4.07 

100.00 

trough  the  liberality  of  the  manufacturers,  Messrs.  Hemingway  & 
^•,  a  number  of  barrels  of  this  powder  were  placed  at  otit  ^a^^qq^^ 
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daring  the  season  of  1879  and  distributed  to  various  observers  and 
agents  in  Georgia,  Alabatna,  and  Texas.  Early  in  the  spring  of  the 
following  year  Mr.  A.  B.  Whitney,  of  Franklin  Grove,  IlL,  found  it  to 
be  a  perfect  antidote  to  the  canker-worms  which  had  not  been  prevented 
from  ascending  his  apple  trees. 

In  the  following  year  (18S0)  large  quantities  of  the  purple  were  used 
by  many  planters  in  various  parts  of  the  cotton  belt,  while,  at  the  same 
time,  in  the  Northern  States  the  experiments  were  vigorously  continued. 
It  would  lead  us  too  far  to  report  and  discuss  here  all  the  experiments 
which  have  been  made  on  other  insects  than  the  Cotton  Worm,  and  it 
suffices  to  state  briefly  that  the  purple  has  proved  to  be  a  perfect  substi- 
tute for  Paris  green.  As  to  its  value  as  a  remedy  for  the  Cotton  Worm, 
the  matter  stands  as  follows:  In  Texas,  where  the  purple  has  been 
most  extensively  used,  according,  as  we  may  add  here,  to  the  directions 
given  by  us,  the  unanimous  .verdict  of  the  planters  is  in  its  favor,  not  a 
single  case  of  failure  having  been  reported.  We  have  on  file  very 
many  reports  and  letters  received  firom  that  State,  and  statements 
that  have  appeared  in  the  daily  papers  which  express  this  favorable 
opinion.  In  the  other  States  the  opinion  is  not  uniform  on  the  subject, 
and  there  has  been,  especially  in  Alabama,  considerable  adverse  ex- 
perience with  it.  Mr.  James  Boane,  agent  of  the  Commission,  wrote 
as  follows  on  the  subject: 

<^  I  have  been  introduced  to  quite  a  number  of  planters,  and  upon  con- 
versing with  them  find  that  they  are  divided  as  to  the  efficacy  of  Lon- 
don purple.  Some  repudiate  it  altogether,  while  others  are  loud  in  its 
praises.  One  thing  is  certain,  that  there  has  been  a  very  large  demand 
for  it.  Mr.  Wilkins  tells  me  that  in  the  space  of  one  day  he  sold  no 
less  than  2,000  pounds,  saying  at  the  same  time  that  he  could  have 
readily  disposed  of  20,000  pounds  if  he  had  had  it.  Major  Hardie,  who, 
as  you  know,  is  a  gentleman  of  the  highest  cultivation  and  attainments, 
tells  me  that  he  has  little  faith  in  London  purple,  having  used  it  on  his 
plantation  under  his  direct  supervision,  without  obtaining  the  satisfac- 
tory results  of  Paris  green.  He  mixes  1  pound  of  the  purple  with  40  of  - 
flour,  and  sifts  it  over  the  plant.  The  main  objection  he  urges  against 
it  is  its  failure  to  kill  the  worm  anything  like  as  quickly  as  Paris  green. 
He  acknowledges,  however,  that  next  to  Paris  green  it  is  the  best,  be- 
cause the  only  remedy  to  be  obtained. 

'^  Immediately  after  Major  Hardie  gave  his  opinion  on  the  purple,  an 
old  planter,  who  just  stepped  in,  said  that  he  had  used  London  purple 
very  extensively  on  his  cotton-fields  with  the  most  flattering  results. 
He  used  the  poison  suspended  in  water." 

In  the  majority  of  cases  the  failure  was  plainly  due  to  an  overdose 
of  the  poison  applied,  many  planters  having  used  it  in  the  same  pro- 
portion as  Paris  green,  simply  because  they  chanced  to  have  read  Mr. 
Trelease's  report  (see  Eteport  on  Cotton  Insects,  1879,  Department  of 
Agriculture),  who,  strangely  enough,  always  experimented  with  strong* 
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overdoBe8  of  London  parple.  In  other  cases  the  failure  was  plainly 
to  be  attributed  to  the  imperfect  implements  used  for  the' distribution 
of  the  dry  and  wet  poisons.  In  still  other  cases  the  cause  of  the  fail- 
ure coald  not  be  made  out.  The  conclusions  we  arrived  at  during  the 
season  of  1879,  after  a  long  series  of  trials  made  by  ourself  and  Mr. 
Schwarz,  and  assisted  by  the  most  experienced  planters  in  the  vicinity 
of  Columbus,  Tex.,  and  which  were  pablished  in  the  first  edition  of 
this  work,  have  been  proved  correct  by  the  experience  of  subsequent 
years,  and  wherever  pure  and  genuine  London  purple  has  been  applied 
according  to  the  directions,  it  has  always  given  satisfactory  results. 

It  should  be  remembered  that  the  introduction  of  a  new  remedy, 
especially  if  it  is  not  without  drawbacks,  is  always  a  difficult  task,  and 
experience  must  be  bought  at  the  cost  of  disappointment  and  failure. 
We  need  only  recall  to  the  reader  the  history  of  the  introduction  of  the 
Paris  green,  and  how  long  it  took  before  its  efficacy  was  firmly  estab- 
lished, and  before  the  farmers  and  planters  had  gained  full  confidence 
that  it  was  a  perfect  remedy  for  some  of  our  worst  insect  enemies. 
Londou  purple  has,  in  common  with  all  arsenical  poisons,  the  disadvan- 
tage of  danger,  but  it  is  one  of  the  cheapest  remedies  of  this  class,  being 
a  mere  refuse  which,  from  its  poifi»ouous  nature,  was  a  drug  to  the  manu- 
facturers, and  had  to  be  gotten  rid  of  by  being  dumped  long  distances 
oat  at  8ea.  This  substance  can  be  put  upon  the  market  at  the  bare 
cost  of  transportation.  It  can  be  sold  in  New  York  at  the  low  rate  of 
6  cents  per  pound,  and  there  is  no  reason  why  it  should  not  be  obtained 
at  any  of  the  large  shipjiing  points  in  the  South  at  figures  ranging  be- 
tween 7  and  10  cents  a  pound.  This  means  virtually  that  the  cost  of 
destroying  the  worms  by  this  powder  is  reduced  to  such  a  minimum  as 
to  depend  mainly  on  the  labor  and  the  other  ingredients  or  diluents 
employed ;  in  other  words,  that,  while  the  planters,  as  heretofore,  were 
obliged  to  pay  as  much  as  $1  for  the  first  cost  of  the  active  poison 
needed  for  one  acre,*  and  never  less  than  15  cents,  they  may  now  obtain 
it  for  from  3  to  5  cents. 

*  Aa  advantage  of  minor  importance  is  its  red  hue,  as  it  colors  the 
ingredients  so  as  to  prevent  their  being  mistaken  for  harmless  material. 
The  finely  pulverized  condition  of  the  purple  seems  to  be  of  less  ad- 
vantage than  we  were  formerly  inclined  to  believe,  as  it  increases  the 
caustic  power  of  the  poison  upon  the  plants.  Finally,  its  cheap  price 
removes  the  temptation  of  adulterating  the  poison,  as  every  adultera- 
tion would  prove  more  expensive  than  the  genuine  article. 

Dry  a]^licatUm. — ^Experiments  on  a  large  scale  have  been  made  with 
the  dry  application  at  the  rate  of  2  pounds  to  18  pounds  of  diluents, 
^  at  the  rates  of  1,  j^,  i^  and  i  pound  to  18  of  the  diluents.  The  last 
proved  only  partially  effectual,  and  in  no  case  were  the  plants  injured 
or  the  leaves  even  burned.  In  all  but  the  last  case  the  worms  were 
billed,  but  as  the  mixture,  at  the  rate  of  i  pound,  was  applied  with 
g(  eater  care  and  regularity  than  is  generally  had  on  a  large  scal^y^nd. 
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also  in  very  dry  weather,  tbe  proportion  of  J  pound  to  18  of  the  dUu- 
ents  is  most  to  be  recommended.  This  refers  to  very  economical  appli- 
cation by  means  of  a  carefnl  handling  of  the  sieves.  As  the  sifting  ia 
generally  done  less  economically,  the  following  proportion  is  to  be 
recommended  :  One  pound  of  the  purple  to  about  45  pounds  of  diluents, 
the  latter  most  advantageously  consisting  of  15  pounds  of  wood  ashea 
and  30  pounds  of  flour,  including  the  usual  amount  of  adhesive  mate- 
rials. This  would  give  about  4  pounds  of  the  purple  to  1  barrel  of  flour. 
As  to  the  cost  per  acre  of  cotton,  the  remarks  made  under  the  head  of 
Paris  green  also  hold  true  here,  the  low  price  of  the  puri)le  rendering 
its  application  of  course  so  much  cheaper. 

The  experiments  made  by  the  agents  of  the  Commission  in  applying 
the  purple  without  diluents  have  completely  failed  for  want  of  machines 
wherewith  to  apply  evenly  the  very  small  quantity  of  the  i)oison  re- 
quired for  each  plant,  the  results  invariably  being  that  the  leaves  were 
considerably  scorched.  The  invention  of  machines  bringing  about  tbe 
even  distribution  of  very  small  quantities  of  poison  will  naturally  open 
a  wide  field  for  further  experimentation.  That  even  a  very  slight  dus^ 
ing  with  the  purple  mixture  mentioned  above  is  fully  efficient  has  been 
proved  by  the  experiments  made  in  Texas  in  1879 ;  but  such  economic 
application  is  impossible  on  a  large  scale,  so  long  as  we  cannot  dispense 
with  the  sifting  methods. 

Wet  application. — Like  Paris  green,  it  is  not  soluble,*  but  is  much 
easier  kept  suspended  in  water  than  the  former.  If  applied  in  this  way 
some  care  has  to  be  taken  in  stirring  it  in  the  water,  as  it  has  a  tendency 
to  form  lumps,  owing  to  its'^ely-powdered  condition.  Experiments 
on  a  large  scale  with  this  material  diluted  in  water  gave  the  following 
results :  When  used  in  the  same  proportion  as  Paris  green,  namely,  1 
pound  of  the  poison  to  about  40  gallons  of  water,  one  experimenter 
reports  that  the  leaves  were  slightly  crisped,  while  four  others  report 
perfect  success,  and  no  injury  whatever  to  the  plant.  Experiments  by 
ourself  and  Mr.  Schwarz  in  the  year  1879  showed  that  when  applied 
in  the  x)roportion  mentioned  and  thoroughly  stirred  up  in  the  water  the 
leaves  were  partly  crisped,  though  by  no  means  so  much  as  by  arsenic, 
even  when  applied  in  weaker  solution.  When  used  in  smaller  propor- 
tion, or  at  the  rate  of  |  or  ^  pound  to  40  gallons  of  water,  it  did  not  bum 
the  leaves,  and  still  proved  effectual  in  destroying  the  worms.  Ke< 
peated  experiments  on  a  smaller  scale  confirmed  these  results  obtained 
on  large  fields,  and  also  showed  that  the  proportion  may  be  stiU  farther 
reduced,  and  when  applied  with  great  care  and  in  very  dry  weather  J 
pound  to  40  gallons  will  kiU.  Still  farther  reduction  in  the  proportion 
of  the  powder  used  gave  negative  results.  I  would  therefore  recom- 
mend the  use  of  i  pound  of  this  powder  to  from  50  to  55  gallons  of 
water  as  the  proportion  most  likely  to  give  general  satisfaction  by 
effectually  destroying  the  worms  without  injuring  the  plants. 

*  Tbe  manafAotaren  oan  render  about  13  v^t  cent,  of  it  tolnble  if  desired. 
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All  that  has  been  8aid  under  the  head  of  Paris  green  as  to  the  desir- 
ability of  adding  a  small  quantity  of  flour  or  other  substance  to  give 
adhesiveness  to  the  liquid  will  hold  equally  true  of  London  purple. 
TbU  method  is  very  cheap ;  labor  and  machine  constituting  by  far  the 
greatest  part  of  the  exx>eu6ey  while  the  cost  of  the  poison  per  acre  does 
not  exceed  3  cents. 

OTHER  MINERAL  8VB8TANCE8.  . 
SALT  AND  SALTPETRE. 

We  have  heard  common  salt  frequently  recommended  as  a  remedy  for 
iujurioQS  insects,  and  it  unquestionably  possesses  insecticide  proi^erties, 
especially  when  dissolved  in  water,  afiecting  and  killing  the  insect  upon 
contact.  Unfortunately,  however,  its  effects  on  the  plants  are  much 
more  naarked,  and  we  have  thus  the  same  obstacles  to  its  application 
u  witb  kerosene  and  other  oils.  Moreover,  salt  is  decidedly  inferior  to 
kerosene  as  an  insecticide,  but  scarcely  less  injurious  to  the  plant;  hence 
iu  the  ease  of  salt  it  is  much  more  difficult  to  find  the  ^^  right  proportion" 
in  which  it  could  effectually  be  applied ;  in  other  words,  that  proportion 
of  salt  which  is  not  injurious  to  the  plant  will  be  much  too  weak  to  seri- 
oosly  affect  the  worms. 

Nevertheless,  in  view  of  the  constantly  recurring  recommendations  of 
salt  as  remedy  for  the  Cotton  Worms  in  the  papers,  we  had  some  ex- 
periments made  in  the  field  b^^  Professor  Stelle  and  Mr.  Schwarz.  The 
former  {(ives  the  following  report  in  his  diary : 

Stfkmhcr  27, 1880. — Sprinkled  two  rows  of  cotton  across  a  sqaare  acre  with  a  solution 
nude  of  saltpetre  in  proportion  of  1  ounce  to  the  gallon  of  water ;  also  two  rows  with 
stolatioQ  of  common  salt,  3  ounces  to  the  gallon  of  water. 

StjgHmher  28. — Can  see  an  effect  favorable  on  aU  the  rows  of  cotton  sprayed  y  ester - 
<iay,  though  the  worms  have  not  entirely  disappeared  from  any. 

kftember  29. — Looking  over  my  work  on  Monday,  I  find  considerably  less  worms  on 
the  Baltpctre  rows  than  where  nothing  has  been  used,  and  very  few  indeed  where  the 
ooDiQion  salt  was  applied.  The  salt  has  slightly  curled  some  of  the  leaves.  Spri  ukled 
tvorowa  carefully  with  common  salt  in  proportion  of  .2  ounces  to  the  gallon  of  water. 

^toRbfT  30. — The  rows  sprinkled  with  salt  yesterday  have  shown  no  satisAictory 

RSQlt. 

This  report  would  seem  to  give  a  satisfactory  result  as  to  the  applica- 
tion of  salpeter,  but  no  further  experiments  have  been  made  so  far. 

Much  less  favorable  is  the  following  report  by  Mr.  Schwarz  on  an 
^sperioient  made  with  common  salt: 

Aogitet  26. — I  applied  common  salt  iu  the  proportion  recommended  to  me,  viz.,  at  the 
nteof  1  gallon  of  salt  to  40  gallons  of  water.  The  salt  was  thoroughly  dissolved  in 
the  water  and  the  liquid  applied  by  means  of  the  fountain  pump,  wetting  the  leaves 
OQsome  plants  pretty  thoroughly.  Upim  examination,  16  hours  afterwards,  a  small 
Dumber  of  dead  worms  (not  10  per  cent,  of  the  whole  number),  mostly  young  ones,  were 
«>aud,  the  leaves  being  somewhat  shriveled  up  even  where  not  exposed  to  the  sun ;  bat 
wherever  the  solution  was  applied  thickly  the  leaves  had  assumed  a  peculiar  pale 
P^u  color  and  were  quite  stiff.  The  worms  did  not  feed  upon  such  leaves,  which,  on 
♦he  second  day,  proved  to  be  killed. 

^Qgnst  *28. — ^Applied  the  solution  at  the  rate  of  1  gallon  of  salt  to  (:0  ga\\oii%  oi  n7^\«i« 
^0  effect  upoa  worms  observed  the  next  day  or  afterwarda. 
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SULPHUR. 

A  machine  for  the  application  of  the  vapor  of  this  mineral  is  describe 
in  Chapter  XIII ;  but,  so  far  as  we  can  see,  the  machine  has  not  been  use 
to  any  extent  Nor  is  it  probable  that  sulphar  vapor  will  destroy  tb 
worms,  when  applied  in  the  open  air. 

RED  LEAD. 

The  following  account  of  experiments  with  this  substance  is  from  m 
Schwarz's  report : 

At  the  Buggestiou  of  Professor  Barnard  I  made  a  few  experiments  with  red  les 
September  4  I  dusted  five  worms  slightly  with  the  powder  and  placed  them  in  a  gU 
Jar  together  with  a  few  fresh  leaves.  No  effect  visible  after  twenty-four  or  fort 
eight  hours.  Placed  a  few  worms  in  a  glass  Jar  and  fed  them  with  leaves  thicU 
dusted  with  red  lead.  After  eight  hours  no  effect  visible,  but  the  worms  did  not  seei 
to  have  eaten  of  the  leaves.  After  twenty-four  hours  three  of  the  worms  were  dead 
two  others  showed  the  color  peculiar  to  those  poisoned  by  Paris  green  or  Londoi 
purple  and  died  in  the  course  of  the  day. 

September  19. — Red  lead  diluted  with  five  parts  of  flour  and  the  mixture  thrown  o 
some  plants  which  were  fairly  alive  with  young  worms.  Twenty-four  hours  aflei 
wards  some  poisoned  worms  were  found ;  thirty-six  hours  after  application  some  moi 
dead  worms,  but  in  the  mean  time  most  of  the  mixture  had  been  washed  away  by 
heavy  rain,  and  the  remaining  worms  were  sufficient  to  defoliate  the  plants.  I  full 
believe,  however,  that  this  mixture  would  have  been  efficient  to  protect  the  plant 
the  rain  had  not  interfered. 

September  22. — Applied  a  mixture  of  one  part  red  lead  to  ten  of  floor.  Within  4 
hours  I  noticed  a  few  dead  young  worms,  presumably  killed  by  the  poison,  but  moi 
of  the  worms  were  not  affected,  or,  if  so,  not  seriously  affected.  I  had  no  further  o] 
portunity  to  experiment  with  this  substance,  but  do  not  believe  it  can  be  aflvant 
geously  used  as  a  substitute  for  Paris  green  or  London  purple,  as  it  evidently  does  not  »< 
so  powerfully  as  either  of  the  two.  Further  experiments  are,  however,  necessary  i 
obtain  a  definite  opinion  regarding  its  value  as  an  insecticide.  Its  price  (so  far  as  I  ui 
stood)  is  cheaper  than  Paris  green,  but  more  expensive  than  London  purple.  I 
value  as  an  insecticide  will,  of  course,  depend  also  upon  its  influence  on  the  plant,  a  ci 
cnmstance  to  which  I  omitted  to  pay  attention,  though  there  was  certainly  no  marki 
injurious  influence  in  my  experiments. 

BOAD  BUST  AND  ALLIED  SUBSTANCES. 

The  protection  from  the  attacks  of  the  worm  and  the  prevention  < 
the  ovipositing  of  the  moth  accomplished  by  thickly  dastiiig  the  leave 
on  both  sides  has  already  been  mentioned  on  page  126.  It  still  remait 
here  to  speak  of  the  property  of  road  dust  to  drive  off  or  kill  the  worm 
If  a  powerful  jet  of  water  is  directed  on  the  soil  at  the  base  of  the  plai 
so  as  to  splash  the  softened  mud  on  the  lower  leaves,  the  worms  o 
them  will  be  covered  with  the  soil  and  many  of  the  young  ones  ai 
unable  to  remove  it.  They  fall  to  the  ground  and  exhaust  themselv< 
in  frantic  and  fruitless  efforts  to  clean  themselves.  The  same  result  ca 
be  accomplished  by  throwing  dry  dust  on  the  plant  during  or  short! 
after  rainy  weather,  or  after  the  plants  have  been  thoroughly  wette 
with  a  sprinkler. 

Not  every  kind  of  dust  is  suitable  for  this  purpose,  and  for  utillzin 
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it  as  a  snbstitate  for  flour  in  the  application  of  arsenical  poisons  and 
pyiethrom  i>owder.     On  this  subject  Mr.  Schwarz  reports  as  follows : 

At  first  I  selected  dust  from  the  nearest  road  at  hand  and  sifted  it  through  a  very 
fine  sieve  covered  with  a  quadruple  layer  of  fine  muslin.    I  found,  however,  that  this 
dui  was  largely  composed  of  particles  of  sand  without  any  adhesive  power  whatever, 
and  which,  moreover,  rendered  the  dust  very  heavy  and  quite  unsuitable  for  any  ex- 
periment.   This  sand  is  very  fine,  and  I  failed  to  eliminate  it  by  usin^  addition  al  layers 
of  muslin.    I  did  not  succeed  better  with  dust  prepared  firom  the  dry  clay  so  common 
along  the  river  bank  near  Selma.     Finally  I  obtained  a  suitable  very  fine  dust  by 
sifting  the  rich  black  earth,  which  of  course  I  had  previously  well  dried.    This  dust  is 
comparatively  light,  and  of  considerable  adhesive  power  even  in  dry  weather. 

While  we  attach  but  limited  value  to  dust  either  for  preventing  the 
moths  from  ovipositing,  driving  o£f  the  worms,  or  killing  them  in  the  man- 
ner just  meutioued,  still  it  might  prove  valuable  as  a  diluent  for  arsen- 
ical poisons  where  flour  and  other  diluents  cannot  be  obtained,  and 
more  attention  ought  to  be  paid  to  this  cheap  and  easily  obtainable 
substance  as  a  remedy  for  various  insect  pests  other  than  the  Cotton 
Worm.  The  insecticide  property  of  dust  mentioned  in  this  connection 
is  not  peculiar  to  road  dust  alone,  but  is  possessed  by  every  substance 
which  adheres  to  the  worms  in  a  sticky,  paste-like  covering.  Thus  by 
the  application  of  flour  stirred  up  in  water  many  small  worms  may  be 
killed,  and  the  only  results  obtained  by  our  agents  in  the  application  of 
dilated  dough  and  yeast  are  attributable  to  their  action  in  the  manner 
here  aUnded  to. 

01L8  AND  ALLIED  8UB8TANCE8. 

KEROSENE. 

It  is  a  well-known  fact  that  this  is  a  most  powerful  insecticide,  and  ex- 
periment has  shown  that  a  fine  spray  of  kerosene  applied  to  the  leaves 
wiO  kill  all  worms  thereon  in  a  remarkably  short  time.  This  deadly 
effect  is  produced  by  contact,  a  very  small  quantity  of  the  oil  applied 
to  the  worm  causing  death.  We  have  thus  a  very  cheap  and  sure  rem- 
edy, which,  moreover,  cannot  be  called  poisonous  to  higher  animals,  but 
Qofortonately  the  oil  has  the  same  pernicious  effect  on  the  plant  a«  on 
insect  life,  and  the  problem  is  to  apply  it  in  such  fine  spray,  or  so  much 
dilated  as  not  to  injure  the  plant  and  at  the  same  time  touch  every  worm. 
The  finest  spray,  produced  by  a  parlor  atomizer,  of  the  undiluted  oil  is 
^cient  to  kill  the  leaves,  the  cotton  plant  proving  to  be  exceedingly 
Positive  to  the  effect  of  the  oil,  much  more  so,  in  fact,  than  many  other 
plants.  The  use  of  the  undiluted  oil  being,  therefore,  impracticable, 
there  remains  only  to  try  to  apply  it  in  dilution.  The  onl^  available 
diluent  hitherto  known  being  water,  a  new  difficulty  arises,  viz.,  to  mix 
the  oil  with  the  water  so  as  to  produce  a  homogeneous  or  nearly  homo- 
geneous mixture  of  the  two.  To  a  limited  extent,  and  only  on  a  small 
scale,  t^is  can  be  accomplished  by  very  violently  agitating  the  mixture. 
More  useful,  but  also  practicable  only  on  a  small  scale,  is  the  following 
i&ethod,  recommended  by  Mr.  William  Saunders,  of  the  Department  of 
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Agricaltare:  -'The  requisite  amoant  of  kerosene  and  water  is  place 
a  barrel  or  ))ai1,  and  with  the  syringe  a  syringefal  several  times  squii 
into  the  barrel,  when  the  mixture  must  be  quickly  applied  before 
oil  and  water  separate.^  When  converted  into  soap  by  means  of  lye 
boiling,  kerosene,  like  any  other  oil,  can  easily  be  diluted  with  watc 
any  extent,  but  loses  in  this  form  much  of  its  deadly  quality ;  henc< 
application  in  soap  form  has  but  little  effect  on  the  Cotton  Worm,  the 
it  is  more  useful  for  many  other  insects  more  readily  affected  by  ss 
naceous  comi)ounds. 

When  mixed  with  a  sufficiently  large  quantity  of  wood  ashes,  k 
sene  can  be  applied  to  the  leaves  without  damaging  them,  but  the  i 
ture  cannot  be  sprinkled  in  particles  small  enough  to  have  much  ei 
on  the  wonus.  A  patent  was  obtained  by  Mr.  Gteorge  W.  Powel 
Halifax  County,  Virginia,  in  April,  1876,  for  the  simple  mixture  of  < 
half  pint  of  kerosene  to  one  quart  of  fine,  dry,  well-sifted  wood  as 
The  patentee  claims  that  by  sprinkling  or  scattering  this  prepara 
lightly  over  the  plants  it  will  drive  off  or  destroy  insects  of  every  I 
without  injury  to  the  leaves. 

An  attempt  has  been  made  to  apply  the  oil  in  form  of  vapor  by  m( 
of  steam.  There  is  no  question  but  that  the  worms  are  killed  by  this 
plication,  and,  perhaps,  without  injury  to  the  plant;  but  the  macl 
necessary  for  the  production  of  the  vapor,  which  will  be  described 
ther  on,  is  so  ponderous  and  awkward  as  to  be  of  no  practical  va 

The  above-mentioned  methods  of  applying  kerosene  are  of  little  o 
value  in  our  warfare  against  the  Cotton- Worm  but  an  important  ste] 
ward  apractical  solution  of  this  difficult  question  was  made  in  the  sum 
of  1880.  Professor  Barnard,  while  in  the  field  at  Selma,  Ala.,  suggei 
the  use  of  milk  as  a  medium  to  facilitate  the  mixing  of  kerosene 
water.  First  it  was  found  that  the  oil  mixes  much  more  readily  i 
the  milk  than  with  water.  If  a  small  quantity  of  the  oil  is  stirrec 
in  a  much  larger  quantity  of  milk,  the  oil  particles  will  remain  m 
longer  suspended  in  the  milk  than  in  water,  thus  permitting  a  pract 
application  of  the  mixture.  It  was  further  found  that  even  a  large 
portion  of  the  kerosene  could  be  mixed  with  milk  by  violently  shal 
up  the  closed  vessel  containing  the  mixture.  Thus  one  p^irt  of  keros 
to  two  parts  of  milk  would  unite  after  sevei*al  minutes'  shaking  to  foi 
kind  of  emulsion,  in  which  the  two  ingredients  did  not  separate  v 
after  many  hours,  and  which  then  could  always  be  restored,  by  shak 
to  its  apparently  homogeneous  condition.  Though,  in  the  light  of  su 
queut  discoveries,  this  emulsion  proved  to  be  a  very  imperfect  one,  an< 
fact,  no  emulsion  at  all,  but  only  a  more  or  less  finely  divided  mixtui 
the  oil  and  milk,  still  it  was  found  most  useful  for  experimentation  < 
small  scale  and  vastly  superior  to  any  of  the  old  methods  of  appi; 
kerosene.  There  was  no  difficulty  experienced  in  experiments  on  a  si 
scale  in  diluting  this  emulsion  of  one  part  of  kerosene  with  three  p 
of  milk  with  any  desired  quantity  of  water.    A  portion  of  the  oil 
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arated  soon  and  rose  to  the  surface  of  the  water,  bat  the  larger  por- 
tion of  the  oil  remained  suspended  in  the  water  for  a  conHiderable  length 
of  time.    Whatever  were  the  shortcomings  of  this  discovery  at  the  time, 
ve  called  attention  to  it  in  a  communication  to  the  Scientific  Americanj* 
and  it  is  difficult  to  understand  why  its  importance  was  not  fully  ap- 
preciated by  all  interested  in  economic  entomology.    As  it  was  it  proved 
to  be  the  stepping-stone  to  the  snccessful  solution  of  the  problem  of 
miiing  kerosene  with  water  without  changing  the  nature  of  the  former. 
This  mode  of  obtaining  a  perfect  and  stable  emulsion  was  discovered  by 
Mr.  Hubbard  while  experimenting  with  kerosene  for  scale- insects  affect- 
ing the  orange  tree.    We  quote  his  description  of  it.  t 

*'The  procees  of  forming  a  perfectly  stable  emalsion  of  kerosene  and  milk  is  oompar- 
ftbletothat  of  ordinary  batter  making,  and  is  as  follows;  The  oil  and  milk  in  any 
denied  proportions  are  poared  together  and  very  violently  dashed  or  chnmed  for  a 
period  of  time,  varying  with  the  temperature,  from  fifteen  to  forty-five  minntes.  The 
chaining,  however,  reqnires  to  be  macU  more  violent  than  can  be  effected  with  an 
ordinary  batter-chnm. 

"The  Aqnapnlt  force  pump  *  *  *  may  be  satisfactorily  nsed  for  this  purpose  where 
moderate  quantities  only  are  required.  The  pump  should  be  inserted  in  a  pail  or  tub 
containing  the  liquids,  which  are  then  forced  into  union  by  continuous  purnpiug  back 
into  the  same  receptacle  through  the  flexible  hose  and  spray-uozzle.  After  passing;  once 
or  twice  through  this  pnmp  the  liquids  unite  and  form  a  creamy  emulsion,  in  which 
finelj  divided  particles  of  oil  can  plainly  be  detected.  This  is  as  far  as  the  process 
can  be  carried  by  stirring  or  by  dashing  in  an  ordinary  chum;  the  product  at  this 
point  will  not  bear  diluting  with  water  and  separates  or  rises  at  once  to  the  surface. 
Od  continued  churning  through  the  pump  the  liquid  finally  curdles  and  suddenly 
thiekena  to  form  a  white  andglisteniug  butter,  perfectly  homogeneous  in  texture,  and 
•table. 

"The  whole  amount  of  both  ingredients  solidify  together,  and  there  is  no  whey  or 
other  reaidue;  if,  however,  the  quantity  of  the  mixture  is  greater  than  can  be  kept 
io  eonatant  agitation,  a  portion  of  the  oil  is  apt  to  separate  at  the  moment  of  emulsi- 
fication  and  will  require  the  addition  of  a  few  ounces  of  milk  and  further  churning 
for  its  reduction. 

"This  kerosene  butter  mixes  readily  in  water,  care  being  taken  to  thin  it  first  with 
ft  small  quantity  of  the  liquid.  The  time  required  to  **  bring  the  butter''  varies  with 
tbe  temperature.  At  &P  F.  it  is  half  to  three-quarters  of  an  hour ;  at  75°,  fifteen 
oiDQtce,  and  the  process  may  be  still  further  facilitated  by  heating  the  milk  up  to, 
^Qt  not  past,  the  boiling  point.  Either ftesh  or  sour  milk  maybe  used,  and  the  latter 
ioeren  preferable. 

"Tbe  presence  of  kerosene  does  not  prevent  or  hinder  the  fermentation  of  the  milk ; 
on  standing  a  day  or  two  the  milk  curdles,  and  although  there  is  no  separation  of  the 
oU  the  emulsion  thickens  and  hardens  and  requires  to  be  stirred,  but  not  chnmed, 
ontil  it  regains  its  former  smoothness. 

"If  Bour  milk  is  used  no  further  fermentation  takes  place,  and  if  not  exposed  to  the 
ftir  tbe  kerosene  butter  can  be  kept  unchanged  for  any  length  of  time.  Exposure  to 
the  air  not  only  permits  the  evaporation  of  the  oil  but  also  of  the  water  necessary  to 
^Id  tbe  oil  in  emulsion ;  the  kerosene  slowly  separates  as  the  emulsion  dries  up  and 
bardena. 

"Kerosene  emulsions  may  be  made  of  almost  any  strength;  the  quantity  of  milk  re- 
<lQited  to  hold  the  oil  does  not  exceed  one-tenth.  But  emulsions  containing  over  80 
IKTcent.  of  the  oils  have  too  light  a  specific  gravity  and  are  not  too  readily  held  in 
Mupenaion  in  water.    On  the  other  hand,  the  process  of  emulsification,  kerosene  loses 

*  SeienHjU  AfMrioan,  October  16, 1880,  ~ 

^AjujomI  Bepoxt  Department  of  Agriealtaie,  1881-'83,  pp.  112, lit 
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a  portion  of  its  value  as  an  inseotioide,  and  emalsions  containing  less  than  30  per  cent 
of  the  oil,  although  they  do  not  at  all,  or  only  very  slowly,  rise  to  the  surface  whei 
diluted  with  considerahle  quantities  of  water,  are  nevertheless  too  much  weakenei 
for  effective  use  against  Scale  insects. 

**  The  killing  power  of  a  diluted  emulsion  depends  less  upon  the  amount  of  emnlsioi 
used  iu  the  solution  than  ui>on  the  percentage  of  oil  contained  in  the  emulsion.  Ti 
increase  the  efficiency  of  an  application  we  should  rather  add  to  the  percentage  of  oi 
in  the  emulsion  than  increase  the  gross  amount  of  emulsion  used  in  a  single  applica 
tion,  the  amount  of  the  diluent  remaining  in  each  case  the  same." 

The  folio wiDg  emulsions  were  used  in  the  orange  Insect  investigation 
by  Mr.  Hubbard,  and  were  published  in  the  Annual  Beport  of  the  De- 
partment of  Agriculture  for  1881  and  1882,  p.  115: 

Kerosene,  1  pint ;  sour  cow's  milk,  2  fluid  ounces,  dashed  with  a  ladle ;  2  drachma 
of  powdered  chalk  was  first  added  to  the  milk,  and  2  ounces  water  during  the  stirring. 

An  imperfect  emulsion  not  readily  suspended  Id  water. 

Kerosene,  1  quart;  solution  of  condensed  milk,  3  parts;  water,  5  parts,  12  floid 
ounces. 

Emulsion  made  hy  spraying  through  the  Aqnapult  pump  and  hack  into  the  pail. 
8table,  and  readily  suspended  in  water. 

Kerosene,  1  quart ;  condensed  milk,  12  fluid  ounces,  diluted  with  water,  36  ouuces; 
emulsified  with  the  Aqnapult. 

Kerosene,  25.6  fluid  ounces ;  condensed  milk,  4.8  fluid  ounces ;  water,  14.4  ounces; 
emulsified  with  pump. 

Kerosene,  2  quarts ;  coudensed  milk,  12  fluid  ounces  (1  can),  water,  20  ounces ;  witb 
pump. 

Kerosene,  2  quarts,  4  fluid  ounces;  condensed  milk,  12  fluid  ounces;  water,  24 
ounces;  with  pump. 

The  following  kerosene  and  soap  emulsion  has  more  recently  been 
recommended  by  Mr.  Hubbard : 

Kerosene,  2  gallons.    Common  soap,  i  pound ;  water,  1  gallon. 

Heat  the  mixture  of  soap  and  water,  and  add  it,  boiling  hot,  to  the  kerosene.  Churo 
the  mixture  by  means  of  a  force-pump  and  spray  nozzle  for  Ave  or  ten  minutes.  The 
emulsion,  if  perfect,  forms  a  cream,  which  thickens  on  cooling,  and  should  adhere 
without  oilinesB  to  the  surface  of  glass.  Dilutee,  before  using,  1  part  of  the  emulsion 
with  9  parts  of  cold  water.  The  above  formula  gives  3  gallons  of  emulsion,  and 
makes,  when  dilated,  30  gallons  of  wash. 

With  this  important  discovery  a  wide  field  for  further  experimentatioii 
with  kerosene  has  been  opened,  while  at  the  same  time  the  perfected 
atomizing  machines  permit  the  kerosene  water  to  be  applied,  even  on  a 
large  scale  and  from  below,  in  such  fine  spray  as  to  greatly  lessen  the 
danger  resulting  from  the  influence  of  the  kerosene  on  the  plants. 
These  improvements,  in  material  as  well  as  in  appliances,  being  of  recent 
date,  we  have  had  but  little  opportunity  to  try  them  in  the  field  for  the 
Ootton  Worm,  The  experiments  in  1880  of  Mr.  Schwarz,  and  upon 
which  he  gives  the  following  report,  were  made  with  the  imperfect  emul- 
sion mentioned  above : 

In  my  experiments  with  kerosene  I  uniformly  used  an  emulsion  of  1  part  of  kero- 
sene to  3  parts  of  milk,  in  view  of  the  opinion  expressed  by  Professor  Comstock  thai 
such  emulsion  cannot  be  diluted  with  water,  I  would  state  that  neither  Professoi 
Barnard  nor  myself  experienced  the  slightest  difficulty  in  this  respect.  This  dis- 
crepancy is  in  all  probability  due  to  the  circumstance  that  our  experiments  were 
carried  on  on  a  small  scale,  where  the  di€&ou\.tl«a  m  mVxlim;  the  two  ingredients  an 
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hudly  felt.  Moreover,  Professor  ComBtock's  ''  emulsion  "  may  hftve  been  less  perfect 
than  that  nsed  by  onrselyes.  The  kerosene  water  was  applied  in  the  following  exx>er* 
imentsby  means  of  a  hand-atomizer,  becaase  from  former  experience  I  felt  convinced 
that  the  oil  can  socceesfnlly  be  applied  only  in  the  form  of  the  finest  spray.  Refined 
keioeene  was  used,  instead  of  crude  coal  oil,  because  the  former  was  more  readily 
procured  at  Selma  than  the  latter.  From  my  experience  with  the  cmdo  coal  oil  iu 
1879, 1  am  inclined  to  think  that  there  is  not  much  difference  between  the  two,  either 
in  regard  to  insecticide  property  or  to  their  injurious  effect  on  the  plant.  The  chief 
difflcolty  to  overcome  in  the  application  of  kerosene  being  the  susceptibility  of  the 
pUot,  a  series  of  experiments  was  first  carried  on  to  ascertain  the  proportion  of  the 
oil  that  could  be  applied  without  harm  to  the  plant.  This  was  in  the  first  part  of 
Strptember,  when  bnt  very  few  worms  were  at  hand. 

The  emalsion  was  first  diluted  with  five  times  that  amonnt  of  water,  thus  giving  1 
ptrtof  theoil  to  19  parts  of  milk  and  water;  then  with  ten  times  that  amount  of 
water,  and  then  used  in  still  weaker  dilations.  That  the  stronger  mixture  considera- 
bly scorched  the  plant  was  to  be  expected,  but  I  would  mention  in  this  connection 
ibat  a  mixture  of  1  part  of  kerosene  to  about  25  parts  of  water,  which  was  incident- 
ally apphed  to  a  few  corn-stalks  and  cow  peas,  did  not  seem  to  injure  those  plants. 
The  limit  where  the  spray  is  less  injurious  to  the  plant  begins  with  a  mixtnre  of  about 
1  part  of  oil  to  120  parts  of  water,  bnt  I  cannot  give  in  exact  figures  the  mixture  that 
can  nfely  be  applied  to  the  plant,  as  much  depeods  on  the  amonnt  of  the  fin  id  actually 
applied.  With  a  small  hand-atomizer  the  leaves  nearest  at  hand  receive  a  mnch  larger 
amoant  of  the  fluid  than  those  farther  off*,  the  force  of  the  spray  which  strikes  fullest 
the  nearest  leaves  undoubtedly  increasing  the  inflnence  of  the  oil.  A  mixtnre  of  1 
part  of  the  oil  to  160  parts  of  milk  and  water,  when  moderately  applied,  is  not  ii^nri- 
ova  tothe  leaves.  In  these  and  the  above-given  figures  I  have  not  tncludod  the  excess 
of  theoil  which  floats  on  the  surface  of  the  mixtnre,  and  which  I  took  caru  not  to  ap- 
ply to  the  plant.  How  much  this  excess  is  in  proportion  to  the  amonnt  of  oil  used  in 
preparing  the  emnlsion  I  had  no  means  to  determine,  but  the  amount  of  oil  actually 
applied  to  the  plants  is  at  any  rate  smaller  than  the  figures  given  above.  Old  leaves 
ud  holla  are  the  least  liable  to  be  injured  by  the  kerosene  spray ;  very  young  shoots 
ud  sqoaree  somewhat  more  so,  while  young  leaves  fully  developed  and  blossoms  are 
HMMt readily  affected.  In  bright,  hot  weather  the  effect  of  the  oil  on  the  plant  is  visi- 
hle  in  a  few  hours,  dry  and  crisp  spots  appearing  on  the  leaves,  and  extending  more 
^  iDore,  according  to  the  amoant  of  strength  of  the  kerosene  mixtnre.  Iu  cloudy 
weather  the  effects  are  less  marked,  and  appear  mnch  later.  Another  series  of  experi- 
nrate  was  carried  on  with  a  view  of  ascertaining  the  minimum  amonnt  of  the  oil  neces- 
>vy  to  kill  the  worms.  Pure  kerosene,  or  strong  kerosene  water,  when  sprayed  upon 
theironns,  has  very  mnch  the  same  effect  as  benzine,  young  worms  collapsing  at  once 
*&d  dyin^  in  less  than  two  mifintes.  Old  worms  are  not  so  quickly  killed ;  they  do  not 
ihowaoy  signs  of  pain,  and  die  without  falling  into  violent  convulsions.  The  effects 
of  dilated  kerosene  water  on  average-sized  worms  aro  not  instantaneous,  as  with 
pyrethrnm,  but  if  the  worms  are  not  affected  within  15  minutes  after  application  they 
litve  either  not  come  into  contact  with  the  oil,  or  the  mixture  was  too  weak  to  have 
•oy  effect.  For  very  young  worms,  f  f.,  not  over  two  days  old  (in  the  month  of  Sep- 
^ber),  a  very  weak  mixture  seems  to  be  sufficient,  but  with  the  growth  of  the 
vonna  the  resisting  power  is  considerably  increased.  The  mixtnre  of  1  part  of  the 
<*n  to  160  parts  of  water  is  not  sufficient  to  kill  the  average-sized  worm,  if  applied  iu 
^^  fine  spray  and  in  mo<lerate  quantity ;  that  of  1  part  of  oil  to  120  parts  of  water 
>*inifBcient  to  kill  the  worms,  but  in  all  cases  where  I  applied  this  mixture  so  as  to 
kin  the  worms  the  leaves  wore  considerably  injured. 

The  improvement  made  in  the  atomizing  machines,  which  obviates 
entirely  the  danger  of  clogging,  suggests  another  method  to  lessen  the 
uiJQrioQs  infloenoe  of  the  kerosene  on  the  plant,  viz.,  by  the  addition  of 
&  quantity  of  very  finely  sifted  wood  ashes  to  the  kero^H^  ^a\/^T^\Xi^ 
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idea  being  that  the  excess  of  the  oil  ou  the  sarface  of  the  leaves  woulA. 
be  taken  np  by  the  ashes,  and  thus  prevented  from  entering  into  th^ 
system  of  the  plant,  while  at  the  same  time  the  ashes  would  not  inter- 
fere with  the  effect  of  the  oil  upon  the  worms. 

The  following  account  of  Dr.  Neal's  experiments  with  improved  ken^- 
sene  emulsions  is  from  his  report,  published  in  Bulletin  1  of  the  £a- 
tomological  Division : 

As  directed,  I  have  confined  my  experiments  to  emnlsions  of  kerosene,  and  noted 
the  effects  of  applications  of  such  solntions  upon  the  cotton-plants  and  Cotton  Worma 

My  efforts  were  made  to  determine:  1.  Substances  best  adaptod  to  emulsify  kero- 
sene; 2.  Maximum  dilution  of  kerosene  destructive  to  the  larvsa;  3.  Minimum  dila- 
tion of  kerosene  destructive  to  the  cotton-plants. 

It  waiS  soon  apparent  that  kerosene  could  not  be  used  to  advantage  simply  with 
water,  from  its  tendency  to  collect  at  the  top;  nor  if  the  water  were  made  slightly 
alkaline  or  acid  would  much  benefit  be  observed. 

A  strong  solution  of  vari  >ns  soaps  made  a  good  emulsion,  presenting  some  points  of 
advantage. 

Soda  soap,  potash  soap,  whale-oil  soap,  and  other  varieties  were  tried,  but  a  cheap 
grade  of  yellow  bar-soap,  especially  one  in  which  rosin  was  largely  used,  proved  best, 
and  suggested  the  manufacture  of  a  soap  containing  a  still  larger  quantity  of  rosin, 
which  could  be  cheaply  sold  for  this  purpose. 

After  many  trials  I  found  that  4  pounds  of  this  soap  to  1  gallon  of  hot  water  would 
emulsify  1  gallon  kerosene,  forming  a  gelatinous  compound  that  was  quite  stable. 

Less  than. this  percentage  of  soap  acted  badly  with  kerosene,  and  a  greater  amount 
did  not  appear  to  emulsify  a  large  amount  of  kerosene. 

This  mixture,  containing  50  per  cent,  kerosene  and  costing  26  cents  per  gallon,  I 
adopted  as  a  standard. 

I  prepared  the  following  dilutions : 

A.  One  gallon  standard  solution  to  24  gallons  water,  2  per  cent,  kerosene,  cost  l.(M 
cents  per  gallon. 

B.  One  gallon  standard  solution  to  39  gallons  water,  l.'iS  per  cent,  kerosene,  cost 
0.65  cents  per  gallon. 

C.  One  gallon  standard  solution  to  49  gallons  water,  1  per  cent,  kerosene,  cost  0.58 
cents  per  gallon. 

D.  One  gallon  standard  solution  to  79  gallons  water,  0.625  per  tent,  kerosene,  cost 
0.325  cents  per  gallon. 

£.  One  gallon  standard  solution  to  99  gallons  water,  0.5  percent  kerosene,  cost  0.26 
cents  per  gallon.  . 

Emulsions  A.  B,  and  C  presented  a  milky  color,  and  were  quite  permanent;  D  and 
£  showed  some  tendency  to  disintegrate  after  four  days'  standing. 

I  tried  solutions  of  many  native  plants,  and  found  the  zamia  finely  adapted  for  an 
emulsion,  especially  when  used  immediately. 

Six  pounds  of  zamia  *' roots''  were  washed  and  grated.  The  pulp  boiled  an  hour 
iu  3  gallons  of  water ;  then  strained,  and  while  h<^  stirred  In  4  ounces  sal-soda.  Thi» 
emulsified  1  gallon  kerosene,  forming  a  beautiful  pinkish  jelly,  containing  25  percent, 
kerosene,  costing  6  cents  per  gallon.  One  gallon  of  this  solution  was  added  to  24  gal- 
lons of  water.  This  emulsion  contained  1  per  cent,  kerosene,  and  cost  0.24  cents  per 
gallon. 

Dextrine,  starch,  flour,  mucilage  of  bene  (sesamum)  leaf,  mucilage  of  root  of  PteriM 
aqviliKaf  and  other  substances  were  tried,  but  proved  to  be  of  little  value. 

Milk  emul9ion$.'^By  gradually  adding,  with  agitation,  one  gallon  kerosene  to  one 

gallon  fresh  milk,  an  elegant  emulsion  was  formed  that  bore  dilution  well,  bat  as 

fresh  milk  is  often  not  attainable  the  condensed  milk  was  used,  and  the  follawisg 

Beemed  most  easily  made: 

One  part  condensed  milk  dilate  with  &ve  i^ax\»  it«A.«c  \  \a  \3i\a  add  gradaally  eight 
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parta  kerosene,  with  vigorons  af^itation.    When  the  kerosene  disappears,  add  three 

purts  vater,  and  agitate  till  a  homogeneous  emulsion  is  formed. 

This  is  more  pleasant  to  use  than  soapy  solutions,  and  cdets — 

Cents  per  gallon. 

SUndard  solution,  50  per  cent,  kerosene 22 

Dilation  A',  2  percent,  kerosene 0.88 

Dilation  B',  1.25  percent,  kerosene 0.55 

Dilation  C\  1  percent,  keroaene 0.44 

Dilotion  IK,  6.25  per  cent,  kerosene 0.225 

Dilation  E',  5  per  cent,  kerosene 0.22 

The  k*  and  B'  were  not  stahle  longer  than  two  days ;  the  remaining  dilutions  harely 
one  dsy.  ^ 

With  the  exception  of  the  samia  emulsion,  ail  others  were  hotter  to  use  the  day  of 
DUkofacture. 

A  mixture  called  murvite  was  sent  me  for  trial.  It  gave  similar  results  to  the  milk 
MDoIaioDs,  when  diluted  in  a  corresponding  manner. 

E§^Ktt  mpon  the  CotUm^lamt. — ^Thern  varied  greatly,  owing  to  the  weather  suhsequent 
to  the  Application. 

EmalsioDS  A  and  B,  A^  B',  1^  to  2  per  cent,  kerosene,  did  not  harm  the  cotton-plant 
if  two  ctoudy  or  showery  days  followed  their  use.  A  hright  sunny  day  scorched  the 
tips  and  edges  of  the  tender  leaYCS  badly. 

Efflolsioiia  C,  D,  and  £,  C,  IK,  E',  produced  no  had  results  upon  leaves  or  bolls, 
and  ▼ere  repeatedly  tried,  with  uniform  efTects. 

Ifeeti  upon  Larva, — 1.  I  colonized  five  hundred  full-grown  larvs  upon  five  cotton- 
pUnts,  and  sprayed  them  with  emulsion  A,  soap  series.  In  five  minutes  forty  larve 
dropped  off  the  plants,  trembled,  and  soon  died ;  in  an  hour  but  one  hundred  re- 
named, none  feeding,  all  hanging  from  the  stems  and  leaves ;  in  three  hours  but  eight 
•arriTed;  tiie  next  day  all  were  dead,  and  the  cotton-leaves  badly  withered. 

i  I  prepared  forty  gallons  of  solution  B',  milk,  and  sprinkled  thoroughly  one-fourth 
icn  of  cotton.    The  stalks  ayerage  7  feet  in  height,  and  the  worms  were  very  plentiful. 

The  next  day  apparently  but  one  in  each  hundred  was  living ;  the  day  following 
that  the  difference  was  quite  marked,  and  at  this  time,  three  weeks  afterward,  the 
■nnranding  cotton  is  defoliated,  the  sprinkled  section  remaining  vigorous  and  green. 

3.  leolonized  one  hundred  larvss,  all  ages,  on  a  cotton-plant;  sprayed  these  with 
niotion  C,  milk,  fifteen  worms  fell  off  in  twenty  minutes ;  the  remainder  quit  feed- 
^g-  The  next  morning  but  two  remained,  feebly  alive. 

4.  One  hundred  large  larvn  were  colonized  and  sprayed  with  solution  D',  milk.  In 
^  minntes  ten  dropped  off;  in  half  an  hour  but  thirty-five  showed  vitality ;  in  four 
^^  sll  were  dead. 

^.  One  hundred  larvie,  small  size,  were  sprayed  with  the  one  per  cent,  kerosene- 
>UDia  emulsion  ;  all  died  within  an  hour. 
^  One  hundred  small  larvaa  sprayed  with  emulsion  B,  soap,  died  in  one  hour. 
7.  Three  hundred  large  larvae  were  sprayed  with  solution  C,  milk.    The  next  day 
^ot  twelve  showed  signs  of  life,  and  they  were  evidently  moribund. 
^'  Three  hundred  large  larvn  were  sprayed  with  the  zamia  emulsion ;  all  died 
^thin  fbur  hours,  and  the  repetition  of  experiment  3  with  this  solution  gave  better 
'Walts  than  with  milk  or  soap  emulsions,  the  zamia  perhaps  contributing  some  toxic 
•ction. 
I  repeated  these  experiments  with  all  the  emulsions  till  satisfied  that  an  emulsion 
"f  one  per  cent,  kerosene,  thoroughly  applied,  was  fatal  to  all  larvae  it  reached,  and 
kttmless  to  the  cotton-plant. 

I  noted  that  as  soon  as  sprinkled  the  small  larvae  stopped  eating,  straightened,  and 
fiickly  fell  to  the  ground.  Older  larvn  would  tremble,  evacuate  fasces,  and  hang 
ntpsnded  some  time.    The  anal  extremity  lived  longest. 

The  addition  of  one  ponnd  sulphide  of  potassium  to  forty  gallons  of  any  emulsion 
Nsmed  to  increase  the  rapidit/  of  its  toxic  action,  but  it  la  objeotlouaXAe  iA  \a  vcda>\ 
Mid  its  deatractive action  upon  rabbet  hose. 
63  CONO // 
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The  sulphides  will  bear  farther  stndy. 

Stilly  with  all  these  emnlsions,  their  cheapness  and  safety,  I  have  a  grave  doabtSi 
to  the  applicability  of  any  to  long-staple  cotton. 

I  tried  a  n  amber  of  experiments  to  determine  the  minimum  quantity  needed  t. 
thoroaghly  npray  an  acre  of  cotton  during  August  or  September.  In  one  very  care 
fally  coudacted  experiment  I  found  most  of  the  plants  averaged  6  feet  high,  in  row 
of  4  feet  apart,  and  2  feet  between  the  plants  in  the  drill. 

In  this  case  160  gallons  barely  sufficed  for  one-half  an  acre,  and  as  it  ooold  not  M 
applied  from  a  cart  it  was  hand-carried.  Two  field  hands  required  fonr  hoars  to  com 
plete  the  experiment. 

The  labor  of  preparing  solutions,  and  for  carrying  and  using  a  fountain  pnmp,  w-^ 
prevent  small  farmers,  esx>ecially  colored  peqple,  from  trying  these  remedies. 

The  cost  of  this  experiment  was,  160  gallons  solution  C,  70  cents;  labor,  GO  oei^ 
or  |2.60  per  acre,  and  with  the  close  margin  between  profit  and  expense  in  cott<3 
growing,  this  slight  cost  will  deter  many.^ 

Wo  hardly  need  to  add  that  Dr.  Neal's  method  of  applicatioD  has 
been  very  crude  and  wasteful.  Instead  of  barely  reaching  over  one- 
half  acre  the  160  gallons  of  diluted  emulsion  ought  to  sufSce  for  at  least 
five  acres,  and  his  estimates  of  cost  are  of  course  much  exaggerated. 

OIL  OF  CREOSOTE. 

This  cheap  material  has  lately  been  recommended  to  us  as  an  insect- 
icide, but  we  have  had  no  opportunity  so  far  to  try  it  on  the  Cotton  Worm. 
However,  the  exx>erience  we  had  with  it  last  fall  as  a  remedy  for  Cabbage 
Worms  (Pieris  and  Noctuid  larvae)  is  by  no  means  encouraging,  one 
tablespoonful  of  the  oil  stirred  up  (after  Saunders'  method)  in  one  gal- 
lon of  water  not  being  sufficient  to  kill  the  larger  worms,  while  at  the 
same  time  the  spray  ruined  young  turnip-plants. 

OIL  OP  TAB. 

This  does  not  appear  to  differ  essentially  from  the  former,  its  effect 
on  the  plant  being  likewise  more  violent  than  that  of  kerosehe.  Mr. 
Schwarz  reports  the  following  experiment  with  this  material: 

No  oil  of  tar  could  he  obtained  at  Selma,  bnt  only  a  small  bottle  in  which  some  of  the 
oil  ]^ad  been,  a  few  drops  still  adhering  to  the  glass.  The  bottle  was  filled  with  water, 
the  contents  shaken  up,  and  then  applied  to  plants  and  worms  by  means  of  the  parlor 
atomizer.  I  estimate  the  proportion  of  the  oil  to  the  water  to  be  less  than  1  to  300. 
This  mixture  proved  deadly  to  every  worm,  bnt  also  scorched  the  leaves  mnch  more 
than  kerosene.  Owing  to  the  very  small  quantity  of  the  oil  at  hand  I  could  not 
make  any  further  experiments  with  still  weaker  solutions. 

Since  these  two  oils  are  not  cheaper  than  kerosene  and  are  inferior 
as  insecticides,  they  are  not  likely  to  come  into  general  use. 

OAS-TAB  WATEB. 

If  water  is  left  standing  for  several  days  over  common  gas-tar  it  be- 
comes strongly  impregnated  with  the  smell  of  the  tar,  and  the  idea 
occurred  to  us  to  utilize  such  water  against  the  Cotton  Worm.    Exi>eri- 
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ments  made  by  Mr.  Schwarz  showed  that  such  water  does  not  injure  the 
plant,  and  when  liberally  applied  was  sufficient  to  kill  the  very  yonng 
worms,  bat  had  no  e£Fect  on  tiie  larger  worms. 

Luthy  do  MaraPs  iniect-powder. — ^This  material,  manufactured  by 
Lathy.  &  Marx,  Philadelphia,  might  be  mentioned  in  this  connection, 
1)ecanse  one  of  its  ingredients,  judging  from  the  smell  of  the  powder, 
Is  tar  or  some  allied  substance.  A  box  of  the  powder  was  sent  by  the 
^ve-named  firm  to  Selma,  Ala.,  in  order  that  it  might  be  tested  for 
the  Cotton  Worm,  and  it  was  applied  in  dry  form  as  well  as  stirred  up 
in  water,  but  had  no  effect,  even  on  the  very  young  worms.  It  proved 
equally  harmless  to  the  plant. 

GABBOLIG  AGII>. 

The  fact  that  this  is  so  commonly  used  in  the  South  for  the  '^  Screw 
Worm,"  and  as  a  genenil  disinfectant,  and  that  it  ia  not  yet  employed 
against  Aletia,  is  fair  evidence  that  it  has  little  value  in  this  connec- 
tion. Our  own  exi)erience  in  trying  it  for  other  worms  is  that  it  has 
little  eflect  on  the  worms  when  made  weak  enough  to  be  harmless  to 
the  plant.  Mr.  Trelease  has  experimented  with  it  for  the  Cotton  Worm, 
and  we  give  here  his  report  to  Professor  Gomstock : 

September  10,  ft  namber  of  gallons  of  water,  oontaining  from  a  half  teaspoonful  to 
ateaspoonfal  of  carbolic  acid  per  gallon,  were  applied  with  a  fountain' pump.  This 
water  was  stirred  so  that  the  acid  was  saspended  through  it  as  very  small  globules. 
It  VM  found  to  kUl  some  caterpillars,  but  by  no  means  enough  to  save  the  cotton ; 
>od,iiied  in  these  proportions,  it  injured  the  cotton  considerably. 

COTTON-SEED  OIL. 

Of  the  various  cheap  vegetable  oils  this  can  be  most  abundantly  and 
^\y  obtained  in  the  South,  where  its  manufacture  is  steadily  on  the 
increase.  For  this  reason  it  recommended  itself  for  experimentation 
^D8t  the  Cotton  Worm.  Like  kerosene,  it  can  be  emulsified  by  the 
ftid  of  milk,  but,  being  heavier  than  keroisene,  the  two  ingredients  mix 
less  readily  and  separate  easier  when  diluted  with  water  than  in  the 
kerosene  emulsion.  In  its  action  upon  the  worm  it  is  very  similar  to 
kerosene,  but  a  larger  proportion  of  the  cotton-seed  oil  is  necessary  to 
kill  the  average-sized  worms,  while  in  its  effect  upon  the  plant  it  is 
^mewhat  milder  than  kerosene.  This  circumstance  renders  cotton- 
^  oQ  (and,  in  all  probability,  all  heavy  vegetable  oils)  inferior  to 
kerosene  as  an  insecticide,  at  least  in  regard  to  this  Cotton  Worm  ques- 
tion, and  experiments  with  it  were  discontinued  as  soon  as  this  infe- 
nority  was  recognized.  It  occurred  to  us  that  by  making  a  soap  by 
^g  this  oil  and  the  ashes  from  cotton  seed  hulls,  which  are  so  gener- 
%  used  for  fuel  in  the  manufacture  of  cotton-seed  oil,  we  might  ob- 
^in  a  liquid  that  could  be  sprayed  upon  the  plant  with  good  effect, 
^08,  on  the  principle  Hmilia  similibtLS  curantuvj  employing  the  products 
<tf  the  pHnt  itself  as  an  antidote  to  its  worst  enemy,  theae  prodxL^^t^ 
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being  easily  obtainable  at  nominal  cost  at  all  points  where  cotton-seed 
oil  and  cake  sfre  being  mannfactared.  The  experiments  made  by  Mr 
Schwarz  certainly  show  that  there  is  a  possibilty  of  saccessfally  atiliz 
ing  these  materials  where  they  can  be  abundantly  and  cheaply  obtadned. 
A  strong  suds  from  this  soap  was  found  to  destroy  the  yoang  worms^ 
but  seems  to  have  little  effect  on  the  larger  or  full-grown  ones.  In  this 
respect  it  acted  very  much  as  any  other  strong  soapsuds  would,  and  it 
cannot  be  said  to  have  any  advantage  over  other  saponaceous  com- 
pounds except  in  the  cheapness  and  abundance  of  materials  at  com- 
mand by  planters  in  the  vicinity  of  cotton-seed  oil  factories. 

VEGETABLE  INSECTICIDES. 

PYRETHRUM. 

History  of  Pyrexhrum. — ^There  are  very  few  data  at  hand  concern* 
ing  the  discovery  of  the  insecticide  properties  of  pyrethrura.  The  pow- 
der has  been  in  use  for  many  years  in  Asiatic  countries  south  of  the 
Caucasus  Mountains.  It  was  sold  at  a  high  price  by  the  inhabitants, 
who  successfully  kept  its  nature  a  secret  until  the  beginning  of  this 
century,  when  an  Armenian  merchant,  Mr.  Jumtikoff,  learned  that  the 
powder  was  obtained  from  the  dried  and  pulverized  flower-heads  of 
certain  species  of  Pyrethrnm  growing  abundantly  in  the  mountain 
region  of  what  is  now  known  as  the  Bussian  province  of  Transcaucasia. 
The  son  of  Mr.  Jumtikoff  began  the  manufacture  of  the  article  on  a 
large  scale  in  1828,  after  which  year  the  pyrethrnm  industry  steadily 
grew,  until  to-day  the  export  of  the  dried  flower-heads  represents  an 
important  item  in  the  revenue  of  those  countries. 

Still  less  seems  to  be  known  of  the  discovery  and  history  of  the  Dal- 
matian species  of  Pyrethrnm  (Pyreihrum  dneraridfolium),  but  it  is  prob- 
able that  its  history  is  very  similar  to  that  of  the  Asiatic  species.  At 
the  present  time  the  Pyrethrnm  flowers  are  considered  by  fkr  the  most 
valuable  product  of  the  soil  of  Dalmatia. 

There  is  also  very  little  information  published  regarding  either  the 
mode  of  growth  or  the  cultivation  of  pyrethrnm  plants  in  their  native 
home.  As  to  the  Caucasian  species,  we  have  reason  to  believe  that  thej 
are  not  cultivated,  at  least  not  at  the  present  time,  statements  to  th< 
contrary  notwithstanding.*  The  well-known  Dr.  Gnstav  Badde,  directoJ 
of  the  Imperial  Museum  of  Natural  History  at  Tiflis,  Transcaucasia 
who  is  the  highest  living  authority  on  every  thing  i>ertaining  to  the 
natural  history  of  that  region,  wrote  us  recently  as  follows:  ^^The  only 
species  of  its  genus,  Pyrethrnm  roseum^  which  gives  a  good,  effective 
insect  powder,  is  nowhere  cultivated,  but  grows  wild  in  the  basal-alpine 
zone  of  our  mountains  at  an  altitude  of  from  6,000  to  8,000  feet."  From 
this  it  appears  that  this  species  at  least  is  not  cultivated  in  its  natire 

*  Report  Comm.  Patents  for  1867,  Agilcaltare,  p.  180. 
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home,  and  Dr.  Badde's  statement  is  corroborated  by  a  communication 
of  Mr.  S.  M.  Hntton,  vice-consol-general  of  the  United  States  at  Mos- 
cow, Bnssia,  to  whom  we  applied  for  seed  of  this  species*  '  He  writes 
that  his  skgents  were  not  able  to  get  more  than  about  half  a  iK>and  of 
the  seed  from  any  one  person.  From  this  statement  it  may  be  inferred 
that  the  seeds  have  to  be  gathered  from  the  wild  and  not  from  the  cul- 
ti?ated  plants. 

As  to  the  Dalmatian  plant,  it  is  also  said  to  be  coltivated  in  its  native 
home,  but  we  can  get  no  definite  information  on  this  score,  owing  to  the 
&ct  that  the  inhabk  an ts  are  very  unwillin  g  to  give  any  i  nformation  regard- 
ing a  plant  the  product  of  which  they  wish  to  monopolize.  For  similar 
reasons  we  have  found  great  difficulty  in  obtaining  even  small  quantities 
of  the  seed  of  P.  dnerariwfoUum  that  w.is  not  baked,  or  in  other  ways 
tampered  with,  to  prevent  germination.  Indeed,  the  people  are  so  jeal- 
ons  of  their  plant  that  to  send  the  seed  out  of  the  country  becomes  a 
serions  matter,  in  which  life  is  risked. 

Cultivation  op  Pybethbum. — ^The  seed  of  Pyrethrum  roseum  is  ob- 
tained with  less  difficulty,  at  least  in  small  quantities,  and  it  has  even 
become  an  article  of  commerce,  several  nurserymen  here,  as  well  as  in 
Eorope,  advertising  it  in  their  catalogues.  The  species  has  been  suc- 
cessfully grown  as  a  garden  plant  for  its  pale  rose  or  bright  pink  flower- 
rays.  Mr.  Thomas  Meehan,  of  German  town.  Pa.,  writes  us :  ^^  I  have  had 
ft  plant  of  Pyrethrum  roseum  in  my  herbaceous  garden  for  many  years 
past,  and  it  holds  its  own  without  any  care  much  better  than  many  other 
tliiogs.  I  should  say  from  this  experience  that  it  was  a  plant  which  will 
very  easily  accommodate  itself  to  culture  anywhere  in  the  United  States." 
Peter  •Henderson,  of  New  York,  another  well-known  and  experienced 
norseryman,  writes :  ^^  I  have  grown  the  plant  and  its  varieties  for  ten 
years.  It  is  of  the  easiest  cultivation,  either  by  seeds  or  divisions.  It 
now  ramifies  into  a  great  variety  of  all  shades,  from  white  to  deep  crim- 
son, double  and  single,  perfectly  hardy  here,  and  I  think  likely  to  be 
nearly  everywhere  on  this  continent."  Dr.  Barnard  reports  that  "in 
^e  garden  of  the  Starling  plantation,  on  Lake  Chicot,  at  Sunny  Side, 
Ark.,  I  found  Pyrethrum  which  had  been  growing  perennially  for 
Q^^ny  years.  This  is  toward  the  northern  limit  of  the  cotton  belt 
^d,  for  the  river  country,  the  most  northern  point  of  serious  in- 
JQhes  from  the  Cotton  Worm.  Since  the  plant  does  not  freeze  out  there 
it  will  certainly  withstand  the  winter  throughout  the  region  of  se- 
rioQs  depredation  from  the  worm."  Dr.  James  C.  Neal,  of  Archer, 
Pla.,  has  also  saccessfuUy  grown  Pyrethrum  roseum  and  many  varieties 
thereof,  and  other  correspondents  report  similar  favorable  experience. 
^OQe  of  them  have  found  any  special  mode  of  cultivation  necessary.  In 
1S56  Mr.  C.  Willemot  made  a  serious  attempt  to  introduce  and  cultivate 
the  plant^  on  a  large  scale  in  France.  As  his  account  of  the  cultivation 
of  Pyrethrum  is  the  best  we  know  of,  we  quote  here  his  experience  with 
hat  few  slight  omissions :  <^  The  soil  best  adapted  to  its  culture  should  b^ 
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composed  of  a  pare  ground,  somewhat  siliceous  and  dry.  Moisture  anc 
the  presence  of  clay  is  iojurious,  the  plant  being  extremely  sensitive  tc 
an  excess  of  water,  and  would  in  such  case  immediately  perish.  A 
southern  exposure  is  the  most  favorable.  The  best  time  for  putting  tbe 
seeds  in  the  ground  is  from  March  to  April.  It  pan  be  done  even  in 
the  month  of  February  if  the  weather  will  permit  it.  ^  After  the  soil  has 
been  prepared  and  the  seeds  are  sown  they  are  covered  by  a  stratuqi  of 
ground  mixed  with  some  vegetable  mold,  when  the  roller  is  slightly  ap- 
plied to  it.  Every  five  or  six  days  the  watering  is  to  be  renewed  iu 
order  to  facilitate  the  germination.  At  the  end  of  about  thirty  or  forty 
days  the  young  plants  make  their  appearance,  and  as  soon  as  they  have 
gained  strength  enough  they  are  transplanted  at  a  distance  of  aboat  six 
inches  from  eaeh  other.  Three  months  after  this  operation  they  are 
transplanted  again  at  a  distance  of  from  fourteen  to  twenty  inches,  ac- 
cording to  their  strength.  Each  transplantation  requires,  of  course,  a 
new  watering,  which,  however,  should  only  be  moderately  applied.  The 
blossoming  of  the  Pyrethrum  commences  the  second  year,  toward  the 
end  of  May.  and  continues  to  the  end  of  September."  Mr.  Willemot 
also  states  that  the  plant  is  tery  little  sensitive  to  cold,  and  needs  no 
shelter,  even  during  severe  wintcjrs. 

The  above  quoted  directions  have  reference  to  the  climate  of  France, 
and  as  the  cultivation  of  the  plant  in  many  parts  of  North  America  is 
yet  an  experiment,  a  great  deal  of  independent  judgment  must  be  used. 
The  plants  should  be  treated  in  the  same  manner  as  the  ordinary  Asters 
of  the  garden  or  other  perennial  Corapositfle. 

As  to  the  Dalmatian  plant,  it  is  well  known  that  Mr.  6.  N.  Milco,  a 
native  of  Dalmatia,  has  of  late  years  successfully  cultivated  Pyrethrum 
cineraricefdlium  near  Stockton,  Cal.,  and  the  powder  from  the  California- 
grown  plants,  to  which  Mr.  Milco  has  given  the  name  of  "  Buhacb,"  re- 
tains all  the  insecticide  qnalities  and  is  far  superior  to  most  of  the  im- 
ported powder,  as  w6  know  from  experience.  Mr.  Milco  gives  the  fol- 
lowing advice  about  planting — advice  which  applies  more  particularly 
to  the  Pacific  coast:  "Prepare  a  small  bed  of  fine, loose,  sandy,  loamy 
soil,  slightly  mixed  with  fine  manure.  Mix  the  seed  with  dry  sand  and 
sow  carefully  on  top  of  the  bed.  Then  with  a  common  rake  disturb  the 
surface  of  the  ground  half  an  inch  in  depth.  Sprinkle  the  bed  everj 
evening  until  sprouted;  too  mnch  water  will  cause  injury.^  After  it  is 
well  sprouted,  watering  twice  a  week  is  sufficient.  When  about »  moutk 
old  weed  carefully.  They  should  be  transplanted  to  loamy  soil  durin| 
the  rainy  season  of  winter  or  spring.'' 

Our  own  experience  with  Pyrethrum  roseum  as  well  as  Pyreikruw 
cineraricefolium  in  Washington,  D.  C,  has  been  so  far  quite  satisfactory 
We  haveobserved  that  the  seed  often  lies  a  long  time  in  thegronnd  befo^ 
germinating,  and  that  it  germinates  best  when  not  watered  too  heavily 
We  think  that  the  too  rapid  absorption  of  moisture  often  causes  ih^ 


CULTIVATION  AND  PREPARATION  OP  PTRETHRUM.     167 

seed  to  burst  prematorely  and  rot,  where  slower  absorption  in  a  soil 
only  tolerably  moist  affords  tbe  best  conditions  for  germination. 

The  seed  of  both  species  sown,  whether  in  the  fall  of  1880  or  in  the 
spring  of  1881,  germinated  tolerably  well,  though  some  was  evidently 
worthless  when  received.  A  few  plants  of  roseum  from  that  sown  in 
the  fall  of  1880,  bloomed  the  ensuing  autumn,  while  all  sown  in  the 
spring  of  1881  bloomed  profusely  the  following  summer. 

Both  species  withstood  the  winters  very  well,  and  as  these  were  ex- 
treme winters,  the  one  very  severe  and  cold,  the  other  open  and  mild, 
the  test  may  be  considered  a  very  thorough  one.  The  older  leaves  died 
off,  as  is  the  custom  with  many  allied  perennial  species,  but  the  plants 
began  growing  very  early  in  spring  and  were,  in  fact,  among  the  vernal 
adornments  of  the  garden.  Roseum  began  blooming  early  in  May,  and 
showed  every  variation  in  color  from  almost  pure  white  to  deep  crimson. 
It  also  showed  considerable  variation  in  the  green  of  the  leaves  as  well 
as  Id  the  form,  some  plants  having  the  leaves  much  more  finely  cut  than 
others.  CineraHcBfolium  which  has  a  much  smaller  flower,  with  pure 
white  petals,  very  strongly  resembling  the  common  Ox-eye  Daisy,  began 
blooming  a  month  after  roseum  had  passed  its  prime.  It  proved  uniform 
in  color,  and  is  always  distinguishable  from  roseum^  even  before  bloom- 
ing, by  the  whitish  or  glaucous  green  of  the  leaf,  and  its  much  deeper 
sind  broader  incisions. 

A  portion  of  the  flower  heads  were  dried  and  pulverized,  the  powder 
proving  to  be  fully  equal  in  efficacy  to  the  imported  article;  while  the 
powder  from  dried  stems  and  leaves  is  decidedly  weaker,  but  still  useful 
when  applied  in  large  quantities.'^ 

Pbepabatiqn  of  the  plants  fob  USB. — In  regard  to  manufactur- 
ing the  powder,  the  flower  heads  should  be  gathered  during  fine  weather, 
when  they  are  about  to  open,  or  at  the  time  when  fertilization  takes 
place,  as  the  essential  oil  that  gives  the  insecticide  qualities  reaches,  at 
this  time,  its  greatest  development.  When  tke  blossoming  has  ceased 
the  stalks  may  be  cut  within  about  four  inches  from  the  ground  and  util- 
izM,  being  ground  and  mixed  with  the  flowers  in  the  proportion  of  one- 
^ird  of  their  wojigbt.  Great  care  must  be  taken  not  to  expose  the  flow- 
ers to  moisture,  or  the  rays  of  the  sun,  or  still  less  to  artificial  heat. 
They  should  be  dried  under  cover  and  hermetically  closed  up  in  sacks 
or  other  vessels  to  prevent  untimely  pulverization.  The  finer  tbe  flower 
heads  are  pulverized  the  more  efiectually  the  powder  acts  and  the  more 
Gnomical  is  its  use.  Proper  pulverization  in  large  quantities  is  best 
done  by  those  who  make  a  business  of  it  and  have  special  mill  facilities 
^hn  &  Fink,  of  New  York,  have  furnished  us  with  the  most  satisfac- 
tory powder.  For  his  own*  use  the  farmer  can  pulverize  smaller  quan- 
^ties  by  the  simple  method  of  pounding  the  flowers  in  a  mortar.  It  is 
^^ssary  that  the  mortar  be  closed,  and  a  piece  of  leather  through 
which  the  pestle  moves,  such  as  is  generally  used  in  pulverizing  phar- 
maceutic substances  in  a  laboratory,  will  answer.    The  quantity  to  b^ 
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pulverized  should  not  exceed  one  pound  at  a  time,  thus  avoiding  too 
high  a  degree  of  heat,  which  would  be  injurious  to  the  quality  of  the  pow- 
der. The  pulverization  being  deemed  sufGlcient,  the  substance  is  sifted 
through  a  silk  sieve,  and  then  the  remainder,  with  a  new  addition  of 
flowers,  is  put  in  the  mortar  and  pulverized  again. 

The  best  vessels  for  keeping  the  powder  are  fruit  jars  with  patent 
covers,  or  any  other  perfectly  tight  glass  vessel  or  tin  box. 

The  use  of  ptrethrum  as  an  inbecticide.— Up  to  a  compara- 
tively recent  period  the  powder  was  applied  to  the  destruction  of  thost 
insects  only  which  are  troublesome  in  dwellings,  and  Mr.  G.  WiUemot 
seems  to  have  been  the  first,  in  the  year  1857  (?),  to  point  out  its  valae 
against  insects  injurious  to  agriculture  and  horticulture.     He  goes, 
however,  too  far  in  his  praise  of  it,  and  some  of  his  statements  as  to 
its  efBcacy  are  evidently  not  based  upon  actual  experiment.    Among 
others  he  proposes  tbe  following  remedy:    '^In  order  to  prevent  the 
ravages  of  the  weevil  on  wheat  fields,  the  powder  is  mixed  with  the 
grain  to  be  sown,  in  proportion  of  about  ten  ounces  to  about  thret 
bushels,  which  will  save  a  year's  crop."    This  is  simply  ridiculous,  as 
every  one  who  is  familiar  with  the  properties  of  Pyrethrum  will  under- 
stand.   We  have  during  the  past  few  years  largely  experimented 
with  it  on  many  species  of  injurious  insects,  and  fully  appreciate  \U^ 
value  as  a  general  insecticide,  which  value  has  been  greatly  enhanced 
by  the  discovery  that  it  can  be  most  economically  used  in  liquid  solu- 
tion ;  but  we  are  far  from  considering  it  a  universal  remedy  for  all  in- 
sects.   No  such  universal  remedy  exists,  and  Pyrethrum  has  its  disad- 
vantages as  has  any  other  insecticide  now  in  u^.    The  following  are 
its  more  serious  disadvantages:  (1)  the  action  of  the  powder,  in  what- 
ever form  it  may  be  applied,  is  not  permanent  in  the  open  air.    If 
e.g.jM  is  applied  to  a  plant,  it  immediately  affects  the  insects  on  thati' 
plant  with  which  it  comes  in  contact,  but  it  will  prove  perfectly  harm— 
less  to  all  insects  whicl^  come  on  the  plant  half  an  hour  (or  evei:». 
less)  after  the  application;  (2)  the  powder  acts  in  the  open  air — unless.  «« 
perhaps,  applied  in  very  large  quantities — only  upon  actual  contac  "^ 
with  the  insect.    If,  «.(/.,  it  is  applied  to  the  upper  side  of  a  cotton  let^.  f 
the  worms  that  may  be  on  the  under  side  are  not  affected  by  it;  (-i)  kmI 
has  no  effect  on  insect  eggs,  nor  on  pupse  that  are  in  any  way  prc=s) 
tected  or  hardened. 

These  disadvantages  render  Pyrethrum  in  some  respects  inferior  «^  t 
arsenical  poisons,  but,  on  the  other  hand,  it  has  the  one  overshadowii 
advantage  that  it  is  perfectly  harmless  to  plants  or  to  higher  animal, 
and  if  the  cultivation  of  the  plants  in  this  country  should  piove  a  si 
cess,  and  the  price  of  the  powder  become  \ow  enough,  the  above  m< 
tioned  disadvantages  can  be  overcome,  to  a  certain  degree,  by  reixja^  ^tei 
applications. 

It  is  to  Prof.  E.  W.  Hilgard,  of  the  University  of  California,  that.^:;_  we 
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owe  the  first  accurate  determination  of  the  destroying  principle  in  Py- 
rethnun.    He  wrote  ns  as  follows  on  this  subject: 

I  have  had  Milco's  prodaot  in  hand  for  some  time,  and  have  tried  it  on  varioos  bugs 
hoth  in  powder  and  infosion.  To  nndentand  the  best  manner  of  nsing  it  in  each 
ease,  it  mnst  be  kept  in  mind : 

1.  That  the  active  snbstance  is  a  volatile  oil. 

2.  That  said  oil,  nnder  the  influence  of  air,  not  only  volatilizesy  bat  is  also  oxidized, 
md  thereby  converted  into  an  inert  resin. 

It  follows  firom  1  that  the  pyrethmm  is  at  a  disadvantage  when  used  in  the  shape 
of  powder  in  the  open  air,  espeoiaUy  when  the  wind  blows ;  from  2  that  it  is  of  the 
greatest  importance  that  the  substance  should  be  £resh,  or  should  have  been  kept 
tightly  packed,  for  the  same  reason  that  hops  must  be  similarly  treated. 

Hence  I  find  that  Milco's  fresh  powder  is  of  greater  efficacy  than  the  best  imported*, 
althoQgb  some  of  the  latter  contains  twice  as  much  matter  soluble  in  ether;  but  the 
extnct  from  the  '*  buhach  "  is  a  clear  greenish  oil,  while  that  from  imported  powder, 
aDd'especially  that  from  *'  Lyon's  magnetic" — ground-up  refuse,  stems,  &c.,  as  I  take 
it-ii  dark  and  thickish,  or  almost  dry  and  crumbly. 

The  real  nature  of  the  effect  of  this  volatile  oil  on  insect  life  has  not 
yet  been  studied,  and  still  remains  obscure.  l)ifferent  species  of 
insects  are  differently  affected  by  the  powder,  but  since  no  other 
aDJmals  are  affected  so  far  as  we  yet  know  in  anything  like  the  same 
degree,  it  may  be  inferred  that  with  insects  those  organs  are  affected 
vhich  are  essentially  characteristic  of  them,  viz.,  those  connected  with 
respiration.  Some  insects  resist  the  action  of  the  powder  to  quite  a 
marked  degree,  e.  g.^  very  hairy  caterpillars,  and  especially  spiders  of 
aQ  kinds ;  while  others,  especially  all  Hymenoptera,  succumb  most 
leadily.  In  no  case  are  the  insects  killed  instantaneously  by  Pyrethmm. 
^^y  are  rendered  perfectly  helpless  a  few  minutes  after  the  applica- 
'  tion,  bat  do  not  die  till  some  time  afterward,  the  jieriod  varying  from 
^veral  hours  to  two.  or  even  three  days,  according  to  the  sx>ecies. 
Uaoy  insects  that  have  been  treated  with  Pyrethmm  show  signs  of 
intense  pain,  while  in  others  the  outward  symptoms  are  much  less 
B^arked. 

The  effect  of  Pyrethmm  on  the  Cotton  Worm  may  be  described  as 

follows :  The  worm  becomes  uneasy  in  from  6  to  20  seconds  after  the 

Application,  according  to  the  amount  of  Pyrethmm  applied,  and,  again, 

^*<5cording  to  the  size  of  the  worm.    Very  shortly  afterward  it  attempts 

^o  bite  off  or  to  remove  the  particle  or  particles  of  the  powder  adhering 

^  its  body,  during  which  operation  a  greenish  juice  emanates  from  its 

^OQth.  Its  motions  become  more  and  more  violent,  until  at  last,  within 

'Wjm  4  to  10  minutes,  the  whole  body  is  thrown  into  convulsions,  the 

^orm  having  lost  all  control  over  itself.    These  convulsions  continue 

^^  many  hours,  the  worm  getting  weaker  and  weaker  until  death  ensues. 

^t»all  worms  die  in  about  3  or  4  hours ;  half  grown  ones  often  not  before 

^4:  hours  have  elapsed.  Full-grown  worms  are  not  easily  affected,  and 

SeneraDy  recover  from  the  effects  of  even  a  pretty  strong  dose  of  Pyre- 

tlininai,  while  very  young  worms  are  most?  readily  affected  even  by  a  very 
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weak  dose.    If  the  dose  is  not  strong  enough,  the  convulsions 
worm  are  much  less  violent,  and  it  recovers  i'ully  within  a  few  h 

The  action  of  the  poison  depends,  however,  less  upon  the  am< 
powder  used  than  upon  the  part  of  the  body  of  the  worm  w 
touches,  and  on  the  method  of  applying  it.  Very  small  particles 
upon  the  sides  of  larv»,  especially  near  the  anterior  spiracles,  ij 
a  more  marked  effect  than  larger  quantities  dropped  upon  theii 
or  lodged  among  the  hairs.  The  effect  is  also  enhanced  by  driv 
powder  with  force  against  the  worms  by  means  of  a  bellows,  foi 
pie,  as  the  particles  are  thus  driven  into  closer  contact. 

After  the  preliminary  trials  made  in  1878.  and  the  more  ex 
ones  made  in  1879,  the  encouraging  results  of  which  arc  recordec 
first  edition  of  this  work  (pp.  62-64),  we  had  the  experimeu 
orously  continued  by  the  agents  of  the  Commission  in  subsequent 
and  at  various  points  within  the  cotton  belt.  These  experimen 
made  partly  with  buhach  kindly  furnished  by  Mr.  G.  N.  Milco,  of 
ton,  Cal.,  partly  with  imported  insect  powder  made  from  Pyi 
roseum^  and  which  had  been  liberally  placed  at  the  disi)Osal  of  th 
mission  by  Messrs.  Lehn  &  Fink,  of  New  York.  There  seems  to 
little  difference  in  efficacy  between  these  two  kinds  of  powder, 
their  relative  strength,  Mr.  H.  6.  Hubbard  made  the  following 
ment : 

«*  Sixty  Cotton  Worms  were  collected  and  divided  into  two 
equally  as  possible,  so  that  neither  set  should  contain  an  undue 
tion  of  old  or  young  worms.  Each  set  was  placed  in  a  Mason  j 
thoroughly  dusted  with  a  small  quantity  of  powder,  one  jar  w: 
buhach,  and  the  other  with  the  imported  pyrethrum.  The  worn 
immediately  afterwards  turned  out  upon  newspapers  spread  up 
ground.  Those  dusted  with  buhach  were  paralyzed  and  un: 
crawl  about  in  from  15  to  20  minutes.  Those  treated  with  .in 
X>yrethrum  were  similarly  affected  in  from  25  to  30  minutes.  ] 
lots  the  worms  began  to  be  affected  in  less  than  one  minute,  and 
all  died  within  12  hours.  Another  experiment  was  made  nj; 
worms  of  all  sizes  in  which  the  powder  (imported)  was  applied 
open  air  by  means  of  a  bellows.  Worms  one- fifth  to  one-third 
were  completely  paralyzed  in  10  minutes ;  worms  one-half  growi 
to  45  minutes ;  full-grown  worms  showed  the  full  effect  of  the 
after  several  hours.  In  about  three  hours  the  smaller  worms  ai 
to  be  dead.    The  oldest  worms  did  not  die  before  night.'' 

Pyrethrum  can  be  applied — 1,  as  a  dry  powder;  2,  ^  a  fume;  « 
alocholic  extract  diluted ;  4,  by  simple  stirring  of  the  powder  in 
5,  as  a  tea  or  decoction. 

1.  Applications  of  pyrethrum  as  dry  powder. — ^The  foi 
experiments  were  made  by  Mr.  Hubbard  at  Centreville,  Fla.,  to  as 
the  minimum  quantity  of  the  dry  powder  that  could  be  used  wit) 
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upon  very  yoang  Cotton  Worms,  the  powder  experimented  with  being 
the  Californian  bahach : 

All  the  larysD  experimented  with  were  hatched  last  night  (August  10)  from  eggs 
UidiQ  breeding  jar  daring  the  night  of  August  7,  except  larva  (n)  which  was  only 
A  few  hoars  from  the  egg. 

(a)  Three  minute  fragments  of  pyrethrum  laid  upon  back  (terminal  half  of  body) 
with  the  point  of  a  needle ;  larvae  affected  in  15  seconds;  convulsed  in  1  minute  and 
15 seconds;  died  in  p.  m.  « 

(b)  One  minute  fragment  applied  on  back  (anterior  segments) ;  fragment  dropped 
off  in  3  minutes;  probably  only  adhered  to  hairs  of  body  3^  minutes ;  larva  appeared 
affected  but  slightly ;  after  three  hours  larva  appears  to  have  recovered ;  p.  m.,  went 
to  eating  and  fully  recovered.  This  is  a  very  vigorous  larva,  probably  several  hours 
older  than  the  rest.   (August  12,  has  grown  larger  and  is  eating  well.) 

(e)  One  almost  microscopic  fragment  applied  with  needle-point  to  side  near  spira- 
cles; evidently  afiected  in  fifteen  seconds;  convulsed  in  1^ minutes.  Fragment  ad- 
hered 1  minute.    Larva  died  in  p.  m. 

(d)  One  very  minute  fragment  (almost  microscopic  fragment)  applied  on  side  of 
body  near  middle.  Larva  lost  sight  of  during  4  minutes,  at  end  of  which  time  was 
entirely  convulsed.     Died  in  p.  m. 

(«)  Several  (three  or  four)  small  fragments  applied  on  side  of  body ;  affected  in 
SOaeconds;  convulsed  after  2  minutes,  15  seconds.    Died  in  p.  m. 

(/)  One  minute  fragment  on  middle  of  back;  affected  in  1  minute,  15  seconds ;  con- 
Tulaed  in  3  minutes;  fragment  dropped  off  in  3  minutes.  Four  o'clock  p.  m.,  larva 
recovering;  later,  went  to  eating;  entirely  restored.    (August  12,  alive  and  well.) 

is)  One  ojicroscopic  fragment  on  back  at  anal  extremity  of  body  and  very  soon  lost 
off  (20  Beconds  f  ).  Seemed  affected  after  5  min  utes ;  exam  ined  after  2  hours ;  seems  not 
injttied.   In  p.  m.  entirely  well — see  {g)  below. 

(i)  One  large  fragment  (size  of  ''blow-fly"  egg)  applied  for  5  or  6  seconds  to  side 
of  body,  near  or  upon  spiracles ;  affected  in  2  minutes ;  convulsed  in  4  minutes ;  2  hours, 
nnableto  move  ahout;  4.30  p.  m.,  still  alive  but  disabled.    Died  before  night. 

(t)  One  entirely  microscopic  fragment  applied  to  back  of  neck ;  affected  in  1^  min- 
iates; convulsed  in  3  minutes;  4.30  p.  m., appears  recovering.  (August  12,  larva  died 
this  morning.) 

(k)  One  entirely  microscopic  fragment  applied  underneath  anterior  segments  he- 
t^een  legs;  adhered  only  a  few  seconds;  appears  affected  after  15  minutes,  but  able 
to  move  about;  4.30  p.  m.,  recovering  and  eating;  later,  fully  recovered.  (August  12, 
•live  and  well.) 

^018. — Larvae  (I)  (m)  and  (n)  were  treated  as  follows :  A  small  quantity  of  pyrethrum 
P^Vsed  on  a  piece  of  paper  was  lightly  sprayed  with  an  atomizer,  aud  allowed  to  re- 
^^  covered  with  drops  of  moisture  for  about  ten  minutes.  The  larvae  were  then 
^Uched  with  a  needle  dipped  in  this  poisoned  dew. 

U)  A  single,  very  slight,  and  probably  insufficient  application  beneath  anterior  seg- 
^nts;  no  moisture  adhered  to  larva;  affectedafterl  minute,  15  seconds;  1  hour  later 
appears  torpid,  but  not  convulsed;  4  p.  m.,  recovered  and  eating.  (August  12,  alive 
**»dwell.) 

(«i)  Touched  with  poisoned  dew  about  anterior  segments  and  moisture  left  upon  back 
^^  the  segment,  more  thoroughly  applied  than  in  preceding  larva;  affected  in  45  sec- 
^^Os;  convulsed  in  2  minutes ;  4.30  p.  m., recovered.    (August  12,  alive  and  well.) 

C«)  A  very  young  larva,  probably  hatched  late  this  morning,  was  allowed  to  crawl 
^^ong  needle  and  over  a  drop  of  poisoned  dew ;  instantly  affected ;  convulsed  in  15 
•^conus.    Died  in  p.  m. 

(y)  Second  experiment  with  larva  (g)  made  in  p.  m.    One  fragment  (size  of  '*'  blow- 
^  ^  ®SS)  l^d  ^^  back,  middle  of  body,  not  touching  the  skin,  but  adhering  to  hairs ; 
^iX)ppod  off  in  30  seconds ;  evidently  affected  in  45  seconds ;  completely  convulsed  in 
^  minates.    Died  in  few  hours. 
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The  practical  application  of  such  minute  qaantities  in  the  open  field  is 
out  of  the  qnestion,  and  so  is  the  use  of  the  andilated  powder  on  alarge 
scale,  so  long  as  its  price  is  much  higher  than  that  of  common  flonr. 
Mr.  Hubbard  continues: 

Experiments  in  the  fields  with  the  dry  powder  sifted  npon  the  plants  gave  very 
unsatisfactory  results  unless  large  quantities  of  the  powder  were  used.  On  Aug^t  26, 
a  very  windy  day,  I  tried  an  application  with  the  bellows,  aUowing  the  wind  to  carry 
the  powder  in  fine  cloudB  through  the  foliage,  and  using  about  one  pound  to  the  acre. 
In  this  way,  owing  partly  to  the  impossibility  of  securing  an  equal  distribution, 
some  worms  were  affected  at  a  distance  of  ten  or  fifteen  feet,  while  others,  much 
nearer,  were  not  affected  at  all.  I  have  reason  to  believe  that  very  few  worms  were 
killed  outright  at  this  trial.  Some  recovered  in  a  few  hours.  A  number  of  those 
which  showed  signs  of  pain,  but  had  been  very  lightly  dusted,  I  confined  in  Tivaria, 
and  all  completed  their  trausformations  in  the  usual  time.  At  the  time  the  fore- 
going experiment  was  made  the  leaves  were  quite  wet  with  recent  rain,  and  another 
heavy  shower  occurred  later  in  the  day. 

Prof.  J.  P.  Stelle  carried  oat,  during  his  stay  at  Calvert,  Texas,  simi- 
lar experiments  with  the  same  amount  of  undiluted  powder  and  with 
the  same  unsatisfactory  results.    Fortunately  it  has  been  found  tiiat  if 
unadalterated  and  fresh  (which  cannot  be  said  in  many  instances  of" 
the  powder  sold  at  retail  by  our  druggists)  it  may  be  considerably  di- 
luted with  other  pulverized  material  without  losing  its  deadly  effect^ 
the  use  of  the  powder  thus  becoming  much  cheaper.    Of  the  materials 
which  can  be  used  as  diluents,  common  flour  seems  to  be  the  best,  bu^ 
finely-sifted  ^ood-ashes,  sawdust  from  hard  wood,  &c. — in  short,  Any 
light  and  finely  pulverized  material  which  mixes  well  with  the  pyre— 
thrum  powder — will  answer  the  purpose. 

It  has  also  been  found  that  if  the  mixture  of  Pyrethrum  and  flonr  is 
applied  immediately  after  preparation  it  is  always  weaker  in  effect  than 
when  left  in  a  perfectiy  tight  vessel  for  at  least  twenty-four  hours  be- 
fore use.    In  the  expenments  made  in  1879  we  found  that  a  mixture  of 
one  part  of  Pyrethrum  with  ten  parts  of  flour,  applied  immediately  after 
preparing,  is  sufficient  to  kill  the  average-sized  worms  with  which  it 
comes  in  contact ;  and  that  the  mixture  of  one  part  of  the  powder  to 
sixteen  parts  of  flour  is  equally  efficient  after  being  kept  for  some  days 
in  a  tight  glass  jar.    The  experiments  made  subsequentiy  do  not  alter 
these  results  to  any  considerable  extent.    It  would  be  quite  superfluous 
to  mention  here  the  experiments  made  with  very  strong  mixtures  of 
Pyrethrum  and  flour,  since  they  add  nothing  new  to  our  experience,  and 
we  shall  refer  rather  to  those  which  were  made  to  ascertain  the  minimum 
quantity  of  the  powder  necessary.    The  following  series  of  experiments 
was  made  at  Selma,  Ala.,  by  Mr.  Schwarz : 

Experiment  I,  August  27. — Pyrethrum  powder,  one  part,  mixed  with  twenty  parts 
of  flour,  applied  with  the  sieve  immediately  after  preparing.  Worms  mostly  moie 
than  half-grown.  Only  a  small  proportion  of  the  worms  came  in  contact  with  ths 
mixture,  though  it  was  applied  toward  evening.  These  worms  were  affected  within 
the  usual  time,  but  upon  examination,  about  ten  hours  afterwards,  ranch  more  than 
half  the  number  had  recovered.  The  mixture  in  this  proportion,  and  applied  with 
the  sieve,  is  evidently  a  failure. 
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SxperimtMi  2,  Aagost  S7. — ^The  same  mixture  applied  with  the  bellows  while  going 
slowly  between  the  rows.  A  large  proportion  (estimated  at  two-thirds)  of  all  the 
wonss  on  the  plants  were  affected,  but  most  of  them  had  recovered  the  next  morning. 

Expmwtmi  3,  Angnst  27.— The  same  mixtnre  applied  with  the  hand.  I  had  seen 
this  method  in  nse  in  Texas,  where  floar  and  Paris  green  were  used,  and  convinced 
Dyself  that  it  was  an  excellent  and  very  economical  method  of  applying  dry  powders 
to  high  plants.  I  found,  howeyer,  to-day  that  it  requires  some  practice  to  distribute 
^e  mixture  evenly  and  economically.  The  result  was  about  the  same  as  in  Experi- 
ment No.  2.    The  mixture  is  evidently  too  weak  if  applied  in  moderate  quantity. 

Experiment  4,  September  4. — Pyrethrum  1  part,  mixed  with  10  parts  of  flour,  applied 
immediately  after  preparing,  by  means  of  the  bellows.  Comparatively  few  worms  on 
the  plants,  and  no  yevy  young  ones.  Again,  about  two-thirds  of  the  worms  affected, 
of  which  none  or  very  few  recovered.  This  mixture  is  evidently  strong  enough  to 
kin  all  the  worms  with  which  it  comes  in  contact,  though  it  was  distributed  in  small 
qoutity. 

Experiment  5,  September  4. — Pyrethrum  1  part,  mixed  with  15  parts  of  flour,  applied 
with  the  bellows,  in  part  thickly,  i.  «.,  walking  very  slowly  and  using  the  bellows 
freely,  and  in  part  very  slightly  applied.  In  the  former  case  the  mixture  is  as  efficient 
as  that  mentioned  in  Experiment  4,  about  two-thirds  of  the  worms  being  killed ;  in 
the  latter  case  a  great  proportion  of  the  worms  recovered. 

Bxperiment  6,  Septembers. — ^Finely-sifted  wood-ashes  were  substituted  for  the  flour; 
ratio,  1  part  pyrethrum  to  10  parts  of  ashes.  Applied  with  the  bellows.  Eft'ect  the 
aame  as  in  Experiment  4.  The  mixture  is  much  lighter  than  flour,  and  spreads  more, 
hat  for  this  reason  is  not  useful  in  windy  weather;  moreover,  the  preparation  of  the 
wood-ashes  is  somewhat  troublesome,  as  they  must  be  sifted  through  a  very  fine  sieve. 

Eiperiment  7,  September  21.— Finely-sifted  prairie  soil  was  substituted  for  the  flour; 
I  part  of  pyrethrum  to  10  parts  of  soil.  The  mixture  could  not  be  applied  by  means 
of  the  bellows,  as  it  is  too  heavy;  neither  can  it  be  applied  by  means  of  the  sieve,  as 
the  two  materials  separate  at  once,  the  powder  coming  to  the  surface.  It  was  finally 
applied  by  throwing  it  with  the  hand,  but  it  is  evident  that  even  then  it  is  inferior 
to  door  and  ashes,  owing  to  its  weight,  which  preventsits  spreading  and  flying  about 
like  tJie  much  finer  and  lighter  flour.  Otherwise,  the  mixture  acts  as  powerfully  as 
thit  of  pyrethrum  and  flour  mixed  at  the  same  rate. 

irpmment  8,  September  21. — ^The  same  mixture  as  in  experiment  No.  1  applied  after 
it  was  left  standing  in  a  tight  glass  Jar  ever  since  August  27.  Applied  in  moderate 
qnaotity  by  means  of  the  bellows.  Worms  very  plentiful  and  mostly  small.  Again, 
sbont  two-thirds  of  the  worms  were  offepted,  of  which  only  a  small  proportion,  if  any, 
roeorered.  The  mixture  is  evidently  by  far  stronger  now  than  when  freshly  prepared, 
and  wonld  undoubtedly  be  strong  enough  for  average-sized  worms. 

Experiment  9,  September  26. — A  small  remnant  of  the  mixture  used  in  experiment 
^o.9j  which  had  been  diluted,  September  21,  with  about  one-half  the  amount  of  flour, 
was  applied  by  means  of  the  bellows.  Worms  very  plentiful,  and  of  all  sizes.  When 
applied  thickly  the  mixture  still  kills  the  small  worms ;  the  larger  ones  that  were 
affected  had,  with  few  exceptions,  aU  recovered  the  next  day.  When  applied  slightly, 
^^n  a  portion  of  the  smaller  ones  recovered;  very  small  worms  were,  however,  still 
destroyed. 

^.  B.— Full-grown  worms  are  not  taken  into  consideration  in  these  experiments,  as 
they  usually  recover,  unless  they  get  a  very  large  dose  of  the  mixtnre.  A  number  of 
trials  io  and  out  doors  proved  that  for  newly- hatched  worms  a  mixtnre  of  one  part  of 
pyrethrum  to  20  parts  of  flour  applied  slightly  and  immediately  after  preparing  is 
amply  sufficient.  In  these  experiments,  I  used  both  the  Califomian  buhach  and  im- 
ported insect  i>owder  (furnished  to  the  Commission  by  Messrs.  Lehn  &  Fink),  with- 
out noticing  any  difference  in  efficacy  between  the  two. 

Prof.  B.  W.  Jones  obtained  very  similar  results.  He  writes,  <^  On« 
P^  of  Pyiethmm  to  20  parts  of  wheat  flonr,  thoroughly  mixed  an«l 
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shut  up  in  a  tight  tio  box  for  24  hoars.  This,  blown  by  bellows,  provei 
very  efficient  in  destroying  Aletia  larvse  which  it  toached." 

While  it  isthus  proved tfaatone part  of  Pyrethrum  mixed  with  tenpart^ 
of  flour  and  applied  immediately  after  preparing,  or  the  same  amouDi 
of  Pyrethrum  to  twenty  parts  of  powder,  applied  after  being  kept  in  s 
tight  vessel  for  some  time,  is  sufficient  to  kill  the  average-sized  woms 
the  problem  yet  remained  to  apply  this  mixture  so  that  it  would  toucl 
all  worms  on  the  plants.  That  this  cannot  be  accomplished  by  ai 
application  from  above  is  apparent  from  the  habits  of  the  older  wormi 
to  hide,  during  the  day,  on  the  under  side  of  the  leaves,  and  even  if  ap 
plied  at  night  the  mixture  would,  under  the  most  favorable  circum 
stances,  be  but  partially  successful,  as  the  young  worms,  which  do  noi 
come  at  all  to  the  upper  surface  of  the  leaves,  would  not  be  killed.  Ap 
plication  from  below  is  therefore  imperative  to  insure  success,  and  suit 
able  machines  for  this  purpose  will  be  described  farther  on.  In  the  yeai 
1880  we  estimated  that  it  would  require  one  and  three-quarter  poundt 
of  Pyrethrum  powder  to  go  over  an  acre  of  cotton  of  medium  heighi 
when  mixed  with  20  pounds  of  flour.  With  the  improved  appliances  thi 
amount  per  acre  will  probably  be  reduced  to  less  than  one  pound.  Thi 
price,  when  the  first  edition  of  this  work  was  published,  averaged  7i 
cents  per  pound,  but  is  much  lower  at  the  present  writing." 

2.  APPLICATION  OF  PYRETHEUM  IN  FUMES. — Whatever  advantage 
this  method  may  have  in  a  closed  room  it  is  evidently  impracticable  oi 
a  large  scale  in  the  field,  and  consequently  no  experiments  have  beei 
made. 

3.  ALCOHOLIC  EXTRACT  OF  PYRETHRUM. — ^The  uot  inconsiderabl( 
difl*erences  in  the  results  obtained  by  the  agents  of  the  Gommissioi 
while  experimenting  with  extracts  are  principally  due  to  the  fact  that 
the  extracts  can  be  obtained  in  various  ways  and  of  varying  strength. 
A  good  extract  may  be  obtained  either  by  distillation  or  by  the  reperco 
lation  process.  Which  of  the  two  niethods  is  preferable  it  is  difficult 
to  say.  The  former  seems,  however,  to  more  thoroughly  extract  the  oi 
than  the  latter ;  but  in  both  kinds  of  extract  the  residuum  of  the  powdei 
may  be  kept  in  suspension  so  that  no  particle  of  the  strength  of  the  pow 
der  is  lost.  The  extract  by  distillation  is  easily  obtained  by  taking  s 
flask  fitted  with  a  cork  and  a  long  and  vertical  glass  tube.  Into  this  flasl 
the  alcohol  and  pyrethrum  are  introduced  and  heated  over  a  steam  tank 
or  other  moderate  heat.  The  distillate,  condensing  in  the  vertical  tube 
runs  back,  and  at  the  end  of  an  hour  or  two  the  alcohol  may  be  drainec 
off,  and  the  extract  is  ready  for  use. 

Prof.  E.  A.  Smith,  of  Tuscaloosa,  Ala.,  found  during  the  year  1879  that 
the  extract  thus  obtained,  if  diluted  with  water  at  the  rate  of  one  par 
of  the  extract  to  15  of  water,  and  sprayed  on  the  leaves,  kills  the  wormi 
that  have  come  in  contact  with  the  solution  in  a  few  minutea.  Th( 
mixture  in  the  proportion  of  1  part  of  the  extract  to  20  parts  of  watei 
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vas  eqaally  efficaciooii,  and  even  at  the  rate  of  1  to  40  it  killed  tiro- 
thiida  of  the  worms  upon  which  it  was  sprayed  in  15  or  20  minates, 
and  tbe  remainder  were  subsequently  disabled.  In  still  weaker  solu- 
tion, or  at  the  rate  of  1  to  50,  it  loses  in  efficacy,  but  still  kills  some  of 
the  worms  and  disables  others. 

Professor  Jones,  of  Oxford,  Miss.,  reports  his  method  of  preparing 
tbe  extract,  and  the  results  of  his  experiments,  made  in  1880,  as  fol- 
lows: 

In  all  my  first  preparations  I  proceeded  as  foUows : 

lintrodaced  into  a  glass  flask  about  4  ounces  of  insect-powder,  and  added  about 
hlf  a  gallon  of  alcohol;  corked,  and  allowed  to  stand  for  24  hours. 

hhen  perforated  the  cork  and  introduced  a  glass  tube,  one-fourth  of  an  inch  in 
diameter  and  36  inches  long ;  then  subjected  tbe  flask  to  the  well  regulated  heat  of 
a  water-bath,  not  allowing  the  temperature  to  reach  the  boiling  point  of  alcohol. 
I  Qsoally  applied  this  gentle  heat  for  about  5  hour^;  then  set  aside  to  cool.  At 
find  decanted  the  extract  from  the  residue,  and,  before  using,  diluted  with  water,  as 
shown  in  the  experiments  mentioned  farther  on.  Subsequently  I  shook  up  the  solid 
TKidne  of  the  insect-powder  with  the  extract,  aud  diluted  the  whole  with  water, 
aod  in  applying  kept  the  solid  matter  suspended  by  agitation.  I  found  the  latter 
plao  economical.  The  residue,  being  wet  with  alcohol,  readily  spreads  throughout 
the  water,  and  evidently  adds  something  to  the  value  of  the  extract. 

I  have  never  seen  any  statement  or  suggestion  in  regard  to  the  use  of  wood-spirit 
M  the  menstruum.  It  occurred  to  me  to  try  it.  I  found  it  to  be  a  quicker  solvent 
of  the  essential  oil  and  coloring  matter  of  pyrethrum  powder  than  common  95  per 
oeot  alcohol.  I  find  that  1  pint  and  2  onnces  (by  measure)  of  wood-spirit  will  ex- 
tract all  the  useful  material  out  of  an  ounce  of  pyrethrum.  Good  wood-spirit  can 
he  bought  for  $1.25  per  gallon. 

The  extract  made  with  wood-spirit  will  bear  dilution  with  a  somewhat  larger 
qnantitr  of  water  than  the  extract  made  with  etbyl  alcohol.  On  this  point  I  state 
mj  results  thus : 

One  pound  pyrethrum  powder  to  20  pints  (2^  gallons)  wood-spirit ;  this  can  be 
safely  diluted  in  the  earlier  part  of  the  season,  when  the  worms  are  small,  with  40 
P^sof  water;  hence,  1  pound  pyrethrum  aild  2i  gallons  methyl  alcohol  will,  when 
diloted,  make  100  gallons  of  liquid  for  the  destruction  of  insects.  Allowing  40  gal- 
loiutothe  acre,  tbe  cost  of  this  insecticide  would  be  $1.50 ;  with  improved  atomizers 
thfs  will  ho  lessened. 

Wood-spirit  is  more  volatile  than  ethyl  alcohol.  This,  I  think,  gives  it  consider- 
fthle  advantage  over  ethyl  alcohol  as  the  solvent  for  the  essential  oil  of  the  pyrethrum, 
when  the  extract  is  to  be  used  for  Boll  Worms  that  are  working  on  the  contents  of 
the  bolb.  By  its  ready  volatilization  it  distributes  the  insecticide  rapidly  into  the 
adjacent  air,  and  when  not  directly  thrown  into  the  hole  cut  by  the  Boll  Worm  it  is 
carried  into  the  chamber  by  rapid  diffusion;  and,  affecting  the  worm,  causes  it  to 
come  forth  from  its  concealment  upon  the  moistened  parts  of  the  plants,  where  by  tbe 
contact  of  the  liquid  it  is  poisoned  to  death.  The  extract  made  with  ethyl  alcohol  is 
also  volatile,  and  produces  this  same  effect,  though  in  a  less  degree,  to  tbe  extent  that 
its  volatility  is  less  than  that  of  methyl  alcohol.  The  extractive  power  of  methyl 
alcohol  on  pyrethrum  is  so  great  that  it  is  hardly  necessary  to  apply  any  heat.  Tbe 
alcohol  may  be  allowed  to  stand  24  hours  on  the  powder,  being  shaken  up  a  few 
timea,  and  then  the  whole,  both  the  extract  and  solid  residue,  may  be  mixed  with 
Viter,  80  as  to  give  100  gallons  to  the  pound  of  pyrethrum.  I  found  that  the  use  of 
tbs  liquid  is  much  to  be  preferred  to  the  powder.  It  reaches  all  parts  of  the  plant 
^*fl^,  it  is  more  easily  handled,  and  it  kills  quicker. 
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Another  series  of  trials  with  the  extract  obtained  by  repercolation 
was  carried  on  by  Mr.  Schwarz,  at  Selma,  Ala.^  in  1880.  He  reports  as 
follows : 

The  extract  I  used  was  prepared  by  Messrs.  Wilkins  &  Brooks^  druggists,  at  Sehna, 
from  imported  insect-powder,  by  the  repercolation  process  as  prescxibed  in  tho  Ameri- 
can PharmacopcBia.  From  1  pound  of  the  powder  1  pint  of  extract  was  obtained, 
1  drop  of  the  extract  thns  representing  1  grain  of  the  powder.  The  extract  is  a 
dark-brown  fluid,  with  but  a  very  small  amount  of  sediment,  which  is  very  easily 
shaken  up  and  does  not  interfere  in  the  least  with  applying  the  fluid  through  very 
small  orifices.  The  actual  cost  of  preparing  the  extract  was  50  cents.  The  residnom 
of  the  powder  from  which  the  extract  was  made  was  tried  several  weeks  afterwards 
and  did  not  seem  to  have  lost  much  of  its  strength,  as  upon  application  with  the  in- 
sect-gun a  number  of  pea- weevils,  which  were  Just  at  hand,  were  immediately  affected. 
It  is  thus  qnit«  possible  that  another  pint  of  extract  of  the  same  strength  as  the  first 
could  have  been  obtained  from  the  same  pound  of  jiowder.  This  mast  be  taken  in 
account  in  the  results  obtained  by  my  experiments.  The  extract  was  diluted  with 
water,  and  by  a  series  of  trials  I  found  that  10  drams  of  the  extract  to  2  gallons  oE 
water,  .when  applied  with  the  fountain-pump  or  atomizer,  is  sufficient  to  kill  the 
average-sized  worms  which  come  in  contact  with  the  fluid.  Full-grown  worms  mostly 
recover,  while  very  yoang  worms  are  fatally  affected  by  a  moderate  application  of  a 
mixture  of  4  drams  of  the  extract  to  2  gallons  of  water. 

The  mixture  of  10  drams  of  extract  to  2  gallons  of  water  was  applied  by  means  <»i 
the  fountain-pump  from  above  as  well  as  from  the  side.  There  were  plenty  of  wonm^ 
mostly  below  average  size  on  the  plants.  In  the  application  from  above,  t.  e,,  ims. 
tating  thn  common  sprinkling  arrangements,  the  liquid  was  very  liberally  used,  tl».<« 
upper  side  of  the  leaves  being  entirely  wet.  Very  many  worms  were  affected  am 4 
killed  by  the  liquid,  but  a  large  proportion  were  not  reached  by  the  spray,  and  tk^ 
application  did  not  protect  the  plants,  for  they  were  denuded  of  leaves  in  the  saiK& 
time  as  those  not  experimented  with.  The  same  mixture  was  applied  from  the  si«3. 
with  the  fountain-pump,  the  liquid  being  also  used  freely  at  a  rato  which  I  estimate 
at  from  60  to  70  gallons  per  acre,  great  care  being  taken  to  apply  the  liquid  to  ev^M- 
part  of  the  plants.  Upon  examination  about  14  hours  afterwards  only  a  few  lar^^ 
worms  were  found  on  the  plants,  all  the  others  being  dead  or  dying.  Numerous  tri^l 
proved  that  the  same  mixture,  when  applied  in  the  mist-like  spray  of  a  parlor-a^^ 
mizer,  is  fully  sufficient  to  kill  the  worms,  the  amount  of  the  liquid  necessary  bei  aa 
very  small.  A  mixture  of  8  drams  of  the  extract  to  2  gallons  of  water  was  thorongls^I 
applied  to  a  number  of  plant-s  by  means  of  the  fountain-pump.  All  worms  on  Cli 
plants  were  affected  within  the  usnal  time,  but  16  honrs  afterwards  a  considen^l>l 
portion  of  the  larger  worms  had  recovered,  and  were  again  feeding.  My  experimeot 
would  thus  show  that  1  pint  of  the  extract  (which  is  equal  to  1  XM>und  of  powd^i 
could  only  be  diluted  with  about  26  gallons  of  water,  or  barely  sufficient  to  go  o'V'C 
one  acre  of  cotton.  This  would  be  a  rather  unfavorable  result,  considering  tha^  ^ 
the  cost  of  the  powder  that  of  making  the  extract  has  to  be  added ;  but,  as  al>o^ 
stated,  the  extract  I  used  was  far  firom  being  a  perfect  one,  or  else  better  res^ixl^ 
would  have  been  obtained. 

Although  the  results  obtained  by  Professor  Jones  and  Mr.  Schwab 
do  not  accord  with  each  other — a  divergence  which  is  easily  e3 
plained,  however,  by  the  diflferent  extracts  employed — ^they  show  safi 
ciently  that  the  extract  can  be  used  more  economically  than  the  po'^ 
der,  a  result  which  could  not  have  been  anticipated  from  the  experi- 
ments  made  in  J 879.  Professor  Jones  estimates  that  1  pound  of  powd^i* 
converted  into  extract  is  sufficient  to  give  100  gallons  of  liquid,  wbil^ 
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Ml.  Schwarz  calculates  1  pint  of  extract,  or  1  pound  of  powder,  to  each 
26  gallons  of  water ;  but  his  extract  costs  only  50  cents  in  addition  to  the 
cost  of  the  powder,  while  that  of  Professor  Jones  costs  about$  3.15  in 
addition  to  the  powder.   Allowing  75  cents  for  1  pound  of  Pjrethram 
and  20  gallons  (with  the  improved  atomizing  machines)  of  fluid  per 
acre  of  cotton,  we  arrive  at  a  cost  of  78  cents  for  Professor  Jones's  ex- 
tract, made  by  distillation,  and  96  cents  for  Mr.  Schwarz's  extract,  made 
by  repercolation.    Taking  into  account  that  Mr.  Schwarz's  extract  was 
not  a  very  strong  one,  the  real  cost  of  the  application  will  be  nearer  the 
former  figure.    Further  experiments  will  no  doubt  lessen  the  cost  of 
making  a  perfect  extract,  but  considering  the  high  price  of  the  alcohol 
necessary  to  its  preparation,  Pyrethrum,  in  the  form  of  alcoholic  ex- 
tract, will  remain  a  somewhat  expensive  remedy.    On  the  other  hand 
the  extract  is  extremely  convenient  to  handle,  and  can  be  kept  for,  an 
indefinite  length  of  time  without  losing  its  efficacy. 
1        5.  Pyrethbum  in  simple  water  solution.— That  a  portion  of  the 
I      volatile  oil  contained  in  Pyrethrum  is  soluble  in  water,  was  made  known 
I      in  1879  by  Professor  Hilgard ;  but  that  the  powder  simply  stirred  up  in 
water  would  prove  a  most  satisfactory  and  economical  method  of  appli- 
cation was  a  most  encouragihg  discovery  that  resulted  from  the  experi- 
ments made  at  Selma  in  1880.    The  powder  is  most  readily  stirred  up 
in  water,  and  the  slightest  disturbance  or  irregular  movement  of  the  ves- 
^1  containing  themixture  is  sufficient  to  keep  tJie  particles  in  suspension, 
owing  to  the  very  light  nature  of  the  powder.    This  is  an  important 
point,  since  it  has  been  proved  by  experiment  that  the  mixture,  if  applied 
^^r  the  powder  particles  have  settled  to  the  bottom,  is  less  efficacious 
^^an  when  kept  stirred  up.    It  is  also  advisable  to  apply  the  mixture 
^inmediately  or  at  least  soon  after  preparing  it,  as  it  gradually  loses  its 
strength,  even  if  kept  in  a  tight  vessel. 
We  had  intrusted  Mr.  Schwarz,  during  his  stay  at  Selma,  Ala.,  with 

Conducting  experiments  with  Pyrethrum- water,  and  he  reported  as  fol- 
lows: 

■Ab  1  was  not  prepared  to  iind  this  method  of  applying  pyrethrum  bo  efficient  and 
^^onomical  as  it  proved  to  be,  I  carried  on  a  number  of  experiments  with  a  much 
^^^er  proportion  of  the  powder  than  I  found  finally  to  be  sufficient  to  kill  the  worms. 
^^6  enumeration  of  these  preliminary  experiments,  in  which  I  was  constantly  lower- 
^  the  proportion  of  pyrethrum,  is  therefore  omitted  as  superfluous. 
After  many  trials  I  found  that  200  grains  of  powder,  stirred  up  in  2  gallons  of 
«ter,  are  sufficient  to  kill  all  worms  which  are  brought  in  contact  with  the  fluids  only 
me  of  the  full-grown  ones  recovering;  that  if  a  weaker  mixture  is  used  a  portion  of 
.6  average-sized  worms  recover ;  and  that  very  young  worais  are  fatally  affected  by 
^  mixture  of  100  grains  of  powder  to  2  gallons  of  water. 

With  the  mixture  of  200  grains  of  powder  to  2  gallons  of  wuter»  the  following  four 

^^periments  were  carried  on  by  myself  and  Mr.  Hubbard,  in  the  latter  port  of 

September,  and  each  repeated  several  times,  so  that  but  little  doubt  can  be  had  re> 

S^uding  the  correctness  of  the  results.    There  were  plenty  of  worms  on  the  plants  at 

"tlie  time. 

Experiment  1. — ^Two  gallons  of  the  liquid  applied  by  means  of  the  foantain  pump 
&om  above,  thus  imitating  the  action  of  any  of  the  sprinklen  now  in  use.    The  licyoid 
63  CONO 12  • 


178      REPOBT  4y  UNITBD   STATES   ENTOMOLOGICAL   COIOOSSION. 

was  applied  ficeely,  the  upper  sorfaoe  of  the  leayes  so  far  as  they  were  not  protected 
by  others  above  them  being  pretty  thoroughly  wetted.  Results  far  from  being  sat- 
iistfaotory.  A  large  number  of  worms  were  aflfected  and  killed,  but  a  far  greater 
proportion  did  not  come  in  contact  with  the  fluid,  and  were  consequently  not  affected. 

ExperifMut  2. — ^The  liquid  was  again  applied  by  means  of  the  fountain  pump,  but 
from  one  side.  Li  this  case  the  Jets  strike  the  leaves  and  branches  with  considerable 
force,  and  the  liquid  is  consequently  much  more  scattered  thlm  in  the  applicatloa 
from  above.  The  result  was  that  by  far  the  largest  portion  of  the  worms  were  affected 
and  killed,  but  there  remained  enough  on  the  plants  to  do  serious  injury. 

Sxperimeni  3. — ^The  liquid  applied  as  in  the  foregoing  experiment,  but  from  the  two 
opposite  sides.  Two  comers  of  the  field  were  treated  in  this  way.  Result:  The  plants 
were  effectually  freed  from  the  worms,  and  only  a  very  few  full-grown  ones  were 
found  about  twelve  hours  afterwards.  I  must  state,  however,  that  the  amount  of 
liquid  used  in  this  mixture  was  very  large,  estimated  at  the  rate  of  not  less  than  80 
gallons  per  acre. 

Experiment  4.— The  liquid  applied  by  means  of  the  parlor  atomizer.  This  could  nat- 
urally be  carried  on  only  on  a  very  small  scale,  but  was  often  repeated.  The  result 
I  can  draw  from  this  experiment  is  that  the  very  fine,  mist-like  spray  of  the  atomiser 
is  most  effective,  and  even  more  so  than  a  coarse  and  copious  spray. 

One  pound  of  Pyrethmm,  if  used  at  the  rate  mentioned  in  these  ex- 
periments, viz.,  200  grains  of  the  powder  to  2  gallons  of  water,  conld 
thns  be  dilated  with  75  gallons  of  water,  wjiich  would  be  sufficient  for 
2i  acres  of  cotton,  calculating  30  gallons  per  a^re.  The  cost  of  this  ap- 
plication (not  counting  in  labor  and  machinery),  consists  only  in  that  of 
the  powder,  and  putting  this  down  at  75  cents  per  pound,  we  arrive  at 
the  amount  of  30  cents  per  acre  of  cotton.  It  mu8t  further  be  considered 
that  30  gallons  of  liquid  per  acre,  applied  with  the  improved  atomizers, 
is  a  liberal  allowance,  and  that,  therefore,  the  cost  of  the  application 
can  in  aU  probability  still  be  lowered  considerably  without  loss  in 
efficacy.  At  any  rate,  this  method  of  applying  Pyrethrum  is  by  far 
cheaper  and  simpler  than  any  other  at  present  known  to  us.  It  is  of 
course  not  free  from  the  principal  drawback  of  Pyrethrum  as  an  insec- 
ticide, and  a  repeated  application  is  necessary  to  protect  the  cotton 
from  one  generation  of  worms.  But  even  this  double  application  is 
cheaper  than  the  dry  Paris-green  remedy,  as  carried  on  by  the  sifting 
method. 

6.  The  tea  oh  decoction  of  Pybbtheum.— Professor  Hilgard, 
who  first  called  our  attention  to  this  method  of  using  Pyrethrum,  ex- 
presses himself  most  favorably  as  to  the  results  of  this  ezx>eriment 
He  says : 

I  think,  from  my  experiments,  that  the  tea  or  infuHon  prepared  from  the  flawere 
(which  need  not  be  ground  np  for  the  purpose)  is  the  most  convBuient  and  efficacious 
form  of  using  this  insecticide  in  the  open  air ;  provided  that  it  is  used  at  timee  wkem 
the  water  will  not  evaporate  too  rapidly ^  and  that  it  is  applied,  not  by  pourinjs  over  in  a 
stream,  or  even  in  drops,  but  in  the  form  of  a  epray  from  a  syringe  with  fine  holes  in  its 
rose.  In  this  case  the  fluid  will  reach  the  insect  despite  of  its  water-shedding  sur- 
faces, hairs,  &c  ,  and  stay  long  enough  to  kilL  Thus  applied,  I  have  found  it  to  be 
efficient  even  against  the  armored  scale-bug  of  the  orange  and  lemon,  which  falls  off 
in  the  course  of  two  or  three  days  after  the  application,  while  the  young  brood  is 
almost  instantly  destroyed.  As  the  flower  tea,  unlike  whale  soap  and  other  washes, 
leaves  the  leaves  perfectly  clean  and  does  Hot  injure  even  the  most  tender  growth,  it 
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kpiefiBrable  on^at  score  alone;  and  in  the  future  it  can  hardly  fail  also  to  be  the 

eheaper  of  the  two.    This  is  the  more  likely,  as  the  tea  made  of  the  leaves  and  stems 

bainmilar,  although  considerably  weaker,  effects;  and  if  the  farmer  or  fruit-grower 

were  to  grow  the  plants,  he  would  save  all  the  expense  of  harvesting  and  grinding 

tiie  flower-heads  by  simply  using  the  header,  curing  the  upper  stems,  letives,  and 

flower-heads  all  together,  as  he  would  hops,  making  the  tea  of  this  material  by  the 

hogshead,  and  distributing  it  from  a  cart  through  a  syringe.    It  should  be  diligently 

kept  in  mind  that  the  least  amount  of  boiling  will  seriously  injure  the  strength  of 

this  tea,  which  should  be  made  with  briskly  boiling  water,  but  then  simply  covered 

OT.er closely,  ao  as  to  allow  of  as  little  evax>oration  as  possible.    The  details  of  itH 

noet  eoonomical  and  effectual  use  on  the  large  scale  remains,  of  course,  to  be  worked 

oat  hy  practice. 

Having  no  sufficient  supply  of  flower-heads  at  oar  disposal  we  have 
been  unable  so  far  to  repeat  these  experiments.  Mr.  Hubbard  made 
an  infasion  by  pouring  hot,  not  boiling  water  upon  the  ])owder,  but 
found  it  ineffective  and  quite  worthless,  and  we  have  bad  similar  re- 
Bolts  with  the  decoction  of  the  powder. 

The  wet  application  of  Pyrethrum,  in  whatever  form  it  may  finally 
prove  most  convenient,  is  unquestionably  superior  to  its  application 
in  powder  form,  the  former  being  by  far  more  economical  and,  with  the 
improved  appliances,  enabling  us  thp  better  to  reach  all  the  worms. 

Effect  op  pybbthbum  upon  other  insects.— While  arsenical 
poisons  directly"  affect  only  those  insects  which  feed  on  the  leaves  of 
the  cotton  plant,  or,  in  other  words,  only  the  enemies  of  the  plant,  Py- 
rethmm  affects  all  insects  .that  happen  to  be  on  the  plants  at  the  time 
of  the  application.  Since  among  these  are  great  numbers  of  some  of 
tiie  most  efficient  enemies  of  the  worm,  it  is  not  without  interest  to 
record  here  such  observations  as  have  been  made  incidentally  in  regard 
to  the  effect  of  Pyrethrum  on  other  insects  besides  Aletia,  even  if  they 
indnde  some  that  have  no  connection  with  the  cotton  plant.  Mr.  Hub- 
l)ard  reports  as  follows : 

Tried  upon  difTerent  inflects,  pyrethram  appears  to  affect  the  higher  JJymenoptora 
mon  than  other  insects.  Ants  are  almost  instantly  affected.  Wasps  continue  feed- 
ii^g  for  about  20  seconds,  and  are  violently  a£fected  in  from  1  to  2  minntep.  Larvee  of 
>11  Innds  are  more  qnickly  affected  than  images.  Termites,  owing  probably  to  their 
tender  bodies,  axe  instantly  affected  and  soon  killed.  Spiders  resist  longer  than  any- 
tluag  else.  They  sometimes  change  their  skins  when  dusted  with  the  powder.  Capria 
ud  PhncBUM  are  slightly  affected  and  long  resist  the  action  of  the  powder.  Scolo- 
fotMa  affected  similarly  to  spiders.  Bugs  slightly  affected,  especially  the  large 
udheayily  armed  predaceons  species.  Roaches  very  violently  affected.  These  ob- 
KrritioDB  refer  to  the  immediate  action  of  the  dry  and  undiluted  powder,  and  are 
Mmpirative  only. 

Mr.  Schwarz  records  the  following  observations  on  this  point : 

^ihorongh  application  of  my  alcoholic  extract  (10  drams  to  2  gallons  of  water), 
ttdof  my  pyrethmm-water(200  grains  of  powder  to  2  gallons  of  water),  affected  other 
^I'MctB  as  foUows :  They  had  no  visible  effect  on  all  spiders,  without  exception,  ou 
^  ltf?B  of  Lagoa  sp.,  Uyperckiria  to,  Acronycta  ohlinita,  and  Ecpantheria  scribonia ; 
^^y  affected,  but  not  fatally,  the  common  Black  Cricket,  the  various  species  of  graMS- 
WpeiB  and  their  larvae,  the  ground-beetles  so  common  under  the  fallen  leaver  (kt 
^  W  of  the  plants  {AnUodadylus  rusiious,  Flatynus  punoiiform\%  and  P .  mocuXicoUu^, 
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vanous  Ladybirds,  and  large  Chrysomelidse.  Fatally  affected  were  all  Hymenoptel 
ous  InsectSy  all  Heteroptera  and  Homoptera  (no  opportunity,  however,  to  tiy  o 
Apbids) ;  several  species  of  naked  Noctuid  larvae,  Callida  decora ,  CoptocycJa  aurickalct 
and  its  larvie,  Monocrepidiue  Hvidua  and  Af.  vetpertinuSf  Ladybird  larvse,  larv®  of  Chr 
9opay  Hemerobius  and  Syrphua,  Of  all  these  insects  the  ants  are  by  far  most  readi' 
affected.  The  mixtnres  hardly  affected  PierU  larvie,  and  not  at  all  those  of  Teri 
nieippe. 

It  cannot  be  denied  that  this  promiscuous  destruction  of  friend  at 
foe  alike  is  a  disadvantage,  but  all  observers  agree  that  the  Cottc 
Worm  is  one  of  the  first  insects  to  succumb  to  the  effects  of  the  powdc 

When,  in  1879,  we  began  to  experiment  with  Pyrethrum  in  the  fiel 
there  was  little  hope  of  successfully  applying  this  expensive  materl 
on  a  large  scale,  but  we  have  seen  that  even  at  the  high  price  of  76  cen 
per  pound  the  powder  can  be  successfully  used  in  the  field  at  a  cost  n 
exceeding  that  of  the  dry  Paris  green  method,  and  against  an  iuse 
which  is  remarkably  well  protected  by  its  habits  and  by  the  large  si; 
of  the  plants  upon  which  it  depredates.  That  the  price  of  Pyrethrui 
can  and  will  be  considerably  lowered  admits  of  no  doubt.  Mr.  Milcc 
of  Stockton,  Gal.,  wrote  us  in  1879  that  the  cost  of  production,  milling 
&c.,  on  a  large  scale  need  not  exceed  6  to  7  cents  per  pound.  The  see^ 
of  Pyrethrum  roseum  and  P.  einermridBfolium  was,  in  1880,  distributed  b: 
the  U.  S.  Entomological  Oommission,  while  another  supply  of  seed  wa 
sent  out  in  1881  and  1882  to  parties  all  over  the  country  by  the  DepaH 
ment  of  Agriculture,  accompanied  by  a  circular  containing  all  availabi 
information  regarding  the  cultivation  and  use  of  the  plant.  Thoa^' 
many  failures  have  been  reported,  the  plants  have  grown  well  in  othe 
cases,  and  it  can  hardly  be  doubted  that  the  cultivation  of  pyrethmi 
will  prove  a  success  in  many  portions  of  the  Eastern  States,  and  tha 
the  market  price  of  the  powder  will  be  lowered  in  a  future  not  very  fa 
remote.  That  the  farmer  or  planter  is  able  to  raise  his  own  supply  c 
powder  is  an  important  point  not  only  in  regard  to  cheapness  of  the  ni£ 
terial,  but  also  as  a  protection  against  adulteration,  which  is  the  moi 
dangerous  in  this  case  as  the  adulterated  article  cannot  be  distinguishe 
from  the  genuine  one  except  by  continued  experimentation. 

EXPERIMENTS  WITH  THE  POWDEB  FROM  OX-EYE  DAISY. 

In  the  summer  of  1880  Mr.  William  Saunders,  of  the  Department  i 
Agriculture,  called  our  attention  to  the  possibility  of  discovering  in  oc 
of  our  most  common  plants,  the  well  known  Ox-eye  ddisy,  iusecticic 
properties  similar  to  those  possessed  by  Pyrethrum.  He  wrote  us  ^ 
follows:  "On  running  over  the  pages  of  your  Bulletin  on  the  Cott* 
Worm  I  notice  that  you  have  something  to  say  about  pyrethrum  po^ 
der,  which  reminds  me  that  Dalmatian  Insect  Powder  is,  accordiug 
some  authorities,  made  from  the  Leiicanthemuni  vul^are^  our  Ox-ej 
daisy.  In  Europe  it  is  called  Chrysanthenium  leucanthemum.  Could  '^ 
not  so  utilize  that  vile  weed  !  I  think  the  subject  is  worthy  of  exper 
ment^    When  perfectly  dry  these  were  finely  ground,  and  we  obtains 
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a  powder  so  alike  in  color  and  smell  to  Pyrethrum  powder  that  the  two 
coald  Bot  readily  be  distingaished.  But  however  great  this  external 
resemblance,  the  two  differed  widely  in  efficacy  a«  insecticides.  Dr. 
Barnard,  who,  while  still  in  Ithaca,  Kew  York,  made  some  preliminary 
trials  with  the  alcoholic  extract  from  the  fresh  or  half  dried  flower 
heads,  wrote: 

"I  have  no  evidence  that  the  extract  will  prove  of  any  practical 
value,  after  having  atomized  it  on  to  many  specimens  of  larval  po- 
tato-beetles, aphides,  yoang  grasshoppers,  Mamestra  picta,  Pieris  rapWj 
ami  other  caterpillars." 

As  to  the  experiments  with  the  dry  powder,  Mr.  Schwarz  reports  as 
follows:  "  Ox-eye  daisy  powder  was  repeatedly  applied  to  Cotton  Worms 
in  the  earlier  part  of  October  in  the  following  forms:  1st,  as. dry  pow- 
der, mixed  with  flonr,  and  undiluted;  2d,  stirred  up  in  water;  3(1,  as 
alcoholic  extract  (made  by  repercolation)  diluted  with  water  and  undi 
luted;  4th,  as  tea;  5th,  as  a  fume.  In  no  instance  even  the  slightest 
effect  on  young  or  old  worms  was  observed,  though  powder  and  fluids 
were  applied  in  large  quantities  and  undiluted.  The  experiments  were 
aH  conducted  with  a  view  to  ascertain  the  efi'ect  of  the  powder  on  the 
worms  by  actual  contact,  and  not  by  acting  through  the  stomach.  1 
am  also  not  prepared  to  say  whether  or  not  this  powder  has  any  effect 
on  other  insects;  but  there  can  be  no  doubt  that  if  applied  like  pyre- 
thrum, it  is  utterly  worthless  as  a  remedy  for  the  Cotton  Worm." 

Other  experiments  with  infusions  and  decoctions  made  from  the  fresh 
and  dried  flower  heads  and  other  parts  of  the  plant,  gave  no  better  re- 
Boltfi,  and  every  hope  of  obtaining  in  this  plant  a  substitute  for  py- 
rethmm  had  to  be  abandoned. 

BXTBACTS  AND  DECOCTIONS  FKOM  VARIOUS  PLANTS. 

That  there  are  plants  which  contain  volatile  oils  similar  in  effect  to  that 
possessed  by  Pyrethrum,  admits  of  little  doubt.  Professor  Barnard 
extracted  from  Bitter  Almonds  an  oil  which,  upon  experimentation, 
proved  to  be  equal  or  even  superior  to  pyrethrum  powder.  However, 
this  oil  is  so  expensive  that  no  further  experiments  were  made  with  it. 
The  vapor  exhaled  from  the  hnsk  of  certain  South  American  nuts  is 
80  strong  as  to  be  dangerous  even  to  man,  but  we  were  not  able  to  pro- 
care  such  to  ascertain  their  effect  upon  insect  life.  The  method  prac- 
ticed by  Europe.an  entomologists  of  killing  microlepidoptera  and  other 
<ielicate  insects  by  the  vapor  emitted  by  laurel  leaves  also  deserves  men- 
tion here. 

Bat  few  of  our  insecticides  are,  so  far,  drawn  from  the  vegetable 
kingdom,  the  most  important  of  them  being  tobacco,  hellebore,  and  py- 
lethmm;  but  there  is  a  wide  fleld  in  this  direction  for  investigation. 
The  task  of  discovering  among  the  multitude  of  plants  such  as  may 
possess  insecticide  properties  is  a  difficult  one,  since  we  have  little  to 
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guide  us.  Plants  that  are  poisonous  to  man  and  the  higher  animals  ai 
usually  harmless  to  insects ;  others  may  possess  insecticide  qualitie 
only  at  a  certain  season  or  only  when  they  are  dried  or  otherwise  pn 
pared ;  in  still  other  plants  only  one  part,  e,  g.,  the  flower  or  the  rool 
may  prove  useful,  perhaps  only  at  a  certain  stage  of  development,  am 
the  rest  worthless.  Hence  experiment  in  this  direction  must  be  mor 
or  less  tentative,  and  practical  results  will  follow  only,  if  at  all,  th 
most  extensive  trials.  Other  difficulties  also  present  themselves.  Tw 
observers,  while  experimenting  with  the  same  material,  with  the  sana 
instruments,  and  under  precisely  similar  conditions,  often  report  var; 
ing  results ;  or  the  same  observer  after  a  favorable  result  in  the  first  trl; 
obtains  a  quite  different  result  in  subsequent  trials.  In  the  case  < 
the  Cotton  Worm,  with  its  rapid  development,  there  is,  also,  great  ri« 
of  drawing  false  conclusions,  the  most  frequent  cause  being  the  appa 
ent  sudden  disappearance  of  the  worms,  or  at  least  of  a  large  portL< 
of  them,  after  the  application  of  the  "remedy."  The  worms  ms 
have  simply  changed  to  chrysalides  or  may  have  been  carried  away  1 
enemies.  Again,  the  presence  of  a  number  of  dead  worms  upon  ai 
under  the  plants  is  often  misleading,  as  such  worms  may  have  be^ 
killed  by  their  numerous  enemies.  Finally,  very  young  worms,  or  sm 
as  are  just  in  the  act  of  molting,  are  often  killed  by  the  mere  force 
a  spray  thrown  upon  them,  while  others  that  have  fallen  to  the  ground 
and  are  more  or  less  covered  with  soil,  exhaust  themselves  in  the 
frantic  efforts  to  get  rid  of  the  incumbrance. 

In  this  connection,  also,  it  must  be  remembered  that  experiment 
made  indoors  are  without  practical  value  unless  confirmed  by  repeate 
experiments  in  the  field. 

The  plants  with  which  we  have  experimented  are  partly  such  as  wer 
recommended  by  correspondents  as  being  efficient  for  the  Cotton  Worn 
or  other  insects  j*  partly  such  as  from  their  immunity  from  insect  at 
tacks  might  be  presumed  to  possess  insecticide  properties.  Prevalence 
and  cheapness  being  desiderata  in  any  plant  that  might  prove  to  hav< 
destructive  qualities,  many  of  the  weeds  that  by  their  abundance,  per 
sistency,  and  power  of  adaptation  are  so  obnoxious  to  agriculture  in  tb< 
South  were  tested.  In  order  to  test  such  plants  thoroughly  they  shouh 
be  used  both  fresh  and  dry,  and  in  flower,  fruit,  leaf,  and  root  Tbis  i 
a  work  of  considerable  magnitude  which  cannot  possibly  be  accomplishes 
in  one  or  two  seasons,  and  for  the  purpose  of  this  investigation  \^ 
deemed  it  advisable,  with  few  exceptions,  to  first  try  alcoholic  extract 
and  decoctions,  mostly  made  from  the  fresh  plants,  leaving  for  the  futur 
more  complete  experiments  with  such  as  give  promise  of  success.  Wbil 
the  results  thus  far  obtained  seem  discouraging,  considering  the  outl». 
in  money  and  time,  and  while  in  no  case  was  the  effect.upon  the  wortia 
such  as  would  warrant  the  recommendation  of  any  of  these  plants  fo 

*  A  few  of  theM  planta  ooold  not  be  recognised  from  the  popular  name  given  by  the 
and  could,  therefore,  not  be  teeted. 


EXPE^MfcNtS  WiTfi  DitPERKNT  EXTRACTS  AND  DECOCTIONS.     1 83 

the  purpose  intended,  yet  we  are  not  without  hope  that  some  of  them 
will  ultimately  prove  valuable  additions  to  the  list  of  insecticides  from 
the  vegetable  kingdom. 

No  nniformity  in  preparing  the  extracts  and  decoctions  was  required 
from  the  agents  of  the  Commission,  as  we  deemed  it  best  to  have  them 
prepared  in  different  ways  and  in  various  proportions.  This  may  ex- 
plain,  iD  some  measure,  the  discrepancy  in  the  results  obtained. 

Mr.  James  Eoane  prepared  during  his  stay  at  Selma  a  large  number 
of  extracts,  decoctions,  and  infusions,  reporting  as  follows  in  regard  to 
their  preparation :  '<  My  infusions  and  decoctions  are  made  in  various 
degrees  of  concentration,  while  the  alcoholic  extracts  (prepared  by 
macerating  the  crude  drugs  in  one  part  of  pure  alcohol  and  one  part 
water  for  fifty  hours  and  then  subjecting  them  to  a  strong  pressure  in 
a  screw  press)  have  been  made  of  uniform  strength— of  the  green  leaves 
four  oances  being  taken  to  the  pint ;  of  the  dried,  two  ounces.  In  all  of 
my  preparations  I  have  used  the  leaves  and  herb^  parts  of  the  plant,  ex- 
ceptiDg  the  bark  of  the  root  of  sassafras  and  the  berries  of  the  China 
tree.  The  decoctions  and  infusions  have  been  made  in  quantities  rang- 
ing from  two  quarts  to  a  gallon  and  the  alcoholic  extract  invariably  a 
pint" 

These  preparations,  amounting  in  all  to  forty-eight,  were  tested  at 
Selma,  Ala.,  during  the  months  of  July,  August,  and  September,  by  Mr. 
Schwarz. 

Professor  Jones  prepared  at  Oxford  a  smaller  number  of  vegetable 
extracts  and  decoctions,  mostly  from  the  same  species  of  plants  used 
by  Mr.  Boane,  the  preparations  being  made  in  various  degrees  of 
strength,  the  plants  or  parts  of  the  plant  being  first  carefully  dried  in 
the  shade.  He  tested  them  himself  at  Oxford  on  the  Cotton  Worm  as 
^ell  as  on  other  injurious  insects,  and  sent  also  a  supply  for  experi- 
mentation to  Selma,  Ala.  Professor  Jones's  decoctions  were  made  in 
l^fge  quantities,  so  that  they  could  be  used  on  an  extensive  scale. 

Similar  experiments  were  conducted  by  Dr.  Barnard,  at  Ithaca,  N.  Y., 
^ith  a  small  series  of  extracts  prepared  by  him.  As  he  had  no  Cotton 
^orms  at  hand  he  tested  his  preparations  on  various  other  insects, 
hat  he  forwarded  samples  to  Selma,  Ala.,  where  they  were  also  tested 
<^n  the  Cotton  Worm. 

Finally,  Professor  Stelle  briefly  gives  in  his  report  the  results  of  a  few 
experiments  with  vegetable  preparations  made  during  his  stay  in  Texas, 
^hile  a  few  other  experiments  made  by  Mr.  Schwarz,  in  1879,  have  al- 
^dy  been  recorded  in  the  first  edition  of  this  work. 

The  effects  of  these  substances  on  the  Cotton  Worm  may  be  threefold 
fifst,  they  may  kill  it  by  contact ;  secondly,  they  may,  like  the  mineral 
poisons,  act  through  the  stomach;  thirdly,  they  may  render  the  leaves 
of  the  plant  so  distastefcd  to  the  worms  as  to  drive  these  from  the 
plant  Effect  upon  contact  is  easily  observable  even  where  not  fataL 
^^  usaally  takes  place  very  soon  after  application,  and  it  may  «afo\y  \^ 
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assumed  that  if  there  is  no  effect  observable  about  one  hour  aftei 
plication,  the  substance  is  innocuous.  A  general  disturbance  of 
worms  immediately  follows  the  application  of  any  substance,  how 
harmless,  and  should  not  be  taken  in  account.  Effect  through 
stomach  is  not  visible  until  after  at  least  twenty-four  hours,  and  in  s 
instances  not  until  the  second  or  even  the  third  day  after  applicat 
as  the  worms  (prompted  no  doubt  by  instinct)  do  not  feed  upon  a  i 
stance  injurious  to  them  until  they  get  hungry.  As  to  the  third  pc 
almost  any  strange  substance  thrown  or  sprayed  on  the  leaves  stops 
worms  from  eating  for  a  shorter  or  longer  period,  and  observation 
to  the  final  result  must,  therefore,  be  extended  over  several  days, 
fourth  point,  viz.,  the  possible  influence  of  such  applications  on  the  o^ 
sition  of  the  moth  has  already  been  referred  to. 

The  following  list  of  plants  experimented  with  is  given  without 
systematic  arrangement.  If  no  effect  on  the  worms  was  obtained 
several  independent  experimenters,  we  have  simply  added  "no  res 
Otherwise  the  results  obtained  by  the  individual  observers  are  give 
condensed  form,  with  the  name  of  the  observer  added  in  brackets. 

AiLANTHUS  TREE  ("Tree  of  hesLven^'"  Ailanthus glandulosa).  Di 
tion  and  infusion  of  leaves.    No  result.** 

Jamestown  weed  {Datura  stramonium).  Alcoholic  extract  fromd 
and  ground  seed.  No  result.  [R.  W.  Jones.]  Alcoholic  extract  au( 
coction  from  leaves.    No  result.    [B.  A.  Schwarz.] 

Boii^SBT  {Eupatorium  perfoliatum),  "Powdered  leaves  applied  t< 
plant  seemed  obnoxious  to  the  worms.''  [J.  P.  Stelle.]  Infusion  1 
leaves.    No  success.    [E.  A.  Schwarz.] 

Dog  Fennel  {Helenium  tenuifolium  and  asutumnale).  "This  plan 
which  I  entertained  considerable  hopes,  will  render  the  cotton  plai 
obnoxious  that  the  worms  won't  feed  upon  it,  but  it  won't  kill 
worms."  [J.  P.  Stelle.]  Decoction,  infusion,  and  alcoholic  exti 
No  result.  [E.  W.  Jones  and  E.  A.  Schwarz.]  Flower  heads  dried 
powdered.    No  result.    [E.  A.  Schwarz.]'' 

OocKLEBUR  (Xanthium  strumarium).  Alcoholic  extract  and  de 
tion.    No  result.     [E.  A.  Schwarz.] 

Buckeye  {JEscuIms  glabra).  Alcoholic  extract  from  fruits.  No  res 
[R.  W.  Jones.]  Alcoholic  extract  and  decoction  of  leaves.  No  res 
[E.  A.  Schwarz.] 

Rag  weed  [Amhrosia  trifida).  Decoction,  infusion,  and  alcoholic 
tract.    No  result. 

Hog  Weed  (Ajnbrosia  art emisia^f alia).  Alcoholic  extract  and  de 
tion.    No  result.     [E.  A.  Schwarz.] 

Indigo  weed  {Baptisia  tinctoria).  Alcoholic  extract  and  decoct 
No  result.     [E.  A.  Schwarz.] 

Deadly  nightshade  (Atropa  helladonna).  Decoction  and  alcOh 
extract  of  leaves.    No  result.     [E.  A.  Schwarz.] 

Tobacco  (Mcotiana  tahacum).  "  Strong  decoction  of  dry  leaves  fn 
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applied  affects  and  kills  by  contact  very  young  worms,  but  has  little  or 
no  effect  upon  the  average  sized  and  full-grown  ones.  They  do  not  feed, 
however,  for  a  considerable  length  of  time,  changing  their  places  in 
search  of  fresh  leaves."     [E.  A.  Schwarz.] 

Prickly  ash  (Zanthoxylum  carolinianum).  Powdered  leaves. 
'* Seemed  obnoxioas  to  the  worms."    [J.  P.  Stelle.] 

Smaetweed  (Polygonum  hydropiper).  Decoction  of  leaves  and  alco- 
holic extract.    'No  result. 

Mullein  ( Verbascum  thapsus).  Alcoholic  extract  and  decoction  of 
leaves.    No  result.    [E.  A.  Schwarz.] 

Pennyeoyax.  {Hedeomapulegioides).  Alcoholic  extract,  decoction,  and 
infusion.    No  result.    [R.  W.  Jones.] 

HoESEMiNT  {Monarda punctata).  Alcoholic  extract  of  leaves.  No  re- 
sult.  [E.  A.  Schwarz.] 

HoEEHOUND  {Marrubium  vulgare).  "  This  decoction  emits  a  very  pow- 
erful and  disagreeable  stench,  which  I  could  still  smell  on  the  cotton- 
plants  two  days  after  application,  but  it  had  no  effect  whatever  on  the 
worms,  nor  did  it  prevent  the  moths  from  ovipositing.  The  alcoholia 
extract  did  not  possess  this  unpleasant  smell,  and  had  likewise  no  effect 
whatever."    [E.  A.  Schwarz.] 

China  tbee  (Melia  azedarach).  "  I  sprayed  a  decoction  of  leaves  and 
small  twigs  on  the  cotton  plants,  and  I  think  it  had  a  large  effect  in 
preventing  the  moths  of  Heliothis  and  Aletia  from  ovipositing,  but  it 
did  not  destroy  the  larvae.  The  alcoholic  extract  of  the  berries  and 
leaves  adulterated  with  twice  its  quantity  of  water  was  sprayed  on 
twelve  Aletia  larvae,  full-grown ;  most  of  them  fell  to  the  ground,  and  four 
died.  This  experiment  was  repeated  with  about  the  same  result ;  but 
when  the  extract  was  diluted  with  ten  parts  of  water  it  failed  to  bring 
the  worms  to  the  ground.^  [R.  W.  Jones.]  ''This  plant,  in  the  form  of 
alcoholic  extracts  as  well  as  decoctions,  undoubtedly  possesses  some  in- 
secticide properties,  acting  upon  the  worms  by  contact,  but  in  a  manner 
Qoite  different  from  pyrethrum  and  kerosene.  The  acting  principle 
seems  to  be  of  a  narcotic  nature,  the  worms  not  showing  any  unusual 
disturbance  after  application.  They  seem  to  get  benumbed,  and,  gradu- 
%lo8ing  their  strength,  finally  loosen  their  holdand  drop  to  the  ground, 
vhere  they  lie  without  falling  in  convulsions.  The  more  full-grown 
worms  are,  however,  but  little  affected,  and  of  the  smaller  ones  a  large 
proportion  recover.  This  is  the  most  promising  plant  of  the  whole 
number  I  experimented  with,  though  the  extracts  and  decoctions  as  ap- 
plied by  myself  are  altogether  too  weak  to  be  used  as  a  remedy  for  the 
^orms.  The  preparations  made  from  the  berries  are  evidently  more 
effective  than  those  from  the  leaves,  and  the  extracts  and  decoctions 
niade  by  Mr.  Hoane  proved  to  be  more  effective  than  those  I  received 
from  Prof.  R.  W.  Jones,  of  Oxford,  For  further  experiments  I  would 
lecouimend  preparations  from  the  dried  green  berries.''    [E.  A.  Schwarz.] 
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Iron  weed  ( Vemonia  noveboraccTisis).    Alcoholic  extract  and  dec^oc- 
tion.    No  result.     [E.  A.  Schwarz.J 

Tansy  (Tanacetum  vulgare).  Alcoholic  extract  and  infusion.  No  re- 
sult. 

Dock  weed  {Rumex  sp,).  Alcoholic  extract.  No  result.  |E.  ^' 
Schwarz.] 

Spearmint  (Mentha  tiridis).  Alcoholic  extract.  No  result.  [E.  ^' 
Schwarz.] 

Jerusalem  weed  (Chenopodium  anthelminticufn).  Alcoholic  extr^^^^ 
and  infusion.  ''This  is  another  exceedingly  strong-smelling  substan^^ 
especially  in  the  form  of  alcoholic  extract  made  from  the  blossoms  a  ^^ 
green  fruits,  but  no  effect  whatever  was  observed.''    [E.  A.  Schwarst- J 

Sassafras  {Sassafras  officinale).  Alcoholic  extract  from  the  dri<?d. 
bark  of  the  root.    No  result.    [B.  A.  Schwarz.] 

Goat  weed  {Croton  texanum^  0.  glandulosum,  C.  cajntatuniy  and  0^ 
monanthogynum).  Decoction  from  leaves  and  blossoms.  Also  a  very 
strong-smelling  fluid.  No  result.  [E.  A.  Schwarz.J 
.  Black  walnut  (Juglans  nigra).  Alcoholic  extract  and  decoction. 
<^A  substance  which,  especially  in  the  form  of  decoction,  deserves  far- 
ther attention.  It  has  no  effect  on  the  worms  upon  contact,  but  renders 
the  leaves  decidedly  distasteful  to  them.  On  the  second  day  after  ap- 
plication the  leaves  which  had  received  a  large  amount  of  the  decoction 
remained  fully  intact,  the  worms  having  removed  to  the  lower  branches 
and  to  those  portions  of  the  plants  which  were  not,  or  but  little,  treated 
with  the  decoction.  Several  worms  kept  in  captivity  without  food  ex- 
cept leaves  drenched  with  this  decoction  finally  fed  upon  them  and 
successfully  changed  to  pupsB.  The  decoction  stains  the  leaves  dark 
brown,  but  apparently  without  injuring  them."    [E.  A.  Schwarz.] 

HOBSE  nettle  (Solanumcarolinen^e  and /S.  ^ornutum).  Decoction. 
No  result. 

Indian  heliotbope  {Heliophytum  indioum).  Decoction.  No  result 
[E.  A.  Schwarz.] 

MoOK  orange  {Philadelphus  inodorus  t).  This  is  recommended  as  an 
insecticide  all  over  the  South,  for  the  only  reason,  it  seems,  that  it  is 
injurious  to  stock.  Decoction,  infusion,  and  alcoholic  extract  had  no 
effect  whatever  on  the  worms. 

Whitebobdebed  euphorbia  {Euphorbia  marginata).  Decoction. 
No  result.    [E.  A.  Schwarz.] 

Coffee  weed  {Cassia  Occident alis).  Alcoholic  extractand  decoction. 
"This  has  undoubtedly  some  effect  on  the  worms,  though  much  less 
than  the  China  tree  berries.  Appears  to  act  upon  contact,  though  very 
slowly.  The  worms  appear  to  get  affected  several  hours  after  applica- 
tion, resting  motionless  and  without  feeding,  but  were  recovered  on  the 
second  day.  Some  young  worms  were  found  dead  one  day  after  appli- 
cation, but  it  is  doubtful  whether  from  the  effect  of  the  decoction  or 
killed  by  the  force  of  the  spray.''    [E.  A.  Schwarz.] 
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PoKBWEED  (Phytolacca  decandra).  Decoction  of  leaves  and  berries ; 
also  alcoholic  extract  from  the  dried  root.  No  result.  [B.  W.  Jones.] 
'U  did  not  obtain  any  effect  with  the  decoction  prepared  by  Messrs. 
Jones  and  Boane,  but  a  very  small  quantity  prepared  by  Professor  Bar- 
nard had  a  decided  effect,  killing  the  young  worms  and  seriously  affect- 
ing the  older  ones.  It  was  applied  undiluted,  by  means  of  a  hand  at- 
omizer. The  extract  acted  upon  contact  in  a  very  short  time,  the  young 
worms  falling  in  convulsion  of  short  duration  before  dying.  The  old 
worms  bad  all  recovered  the  second  day.  Professor  Barnard  afterwards 
told  me  that  this  extract  was  a  very  strong  one."    [E.  A.  Bch  warz.  | 

HAin)BAKB  {Podophyllum  peltatum).  Powder  from  dried  root  dusted 
on  the  worms;  also  applied  stiixed  up  in  water.  Ko  result.  [E.  A. 
Schwarz.] 

Quassia  tea  (2  ounces  to  one-half  gallon  of  water).    <' Worms  feeble 

next  morning,  but  alive.^    [0.  V.  Biley.J 

Gapsiotjm. — Mr.  Schwarz  experimented  with  this  substance,  and  re- 
ports as  follows: 

September  18. — ^Undiluted  oapsioiim  was  sprayed  (with  the  hand  atomizer)  indoors 
on  lome  ootton  woims  of  average  size.  No  immediate  effect  yisible  and  none  one 
honi  ifterwards,  but  twelve  honrs  later  all  worms  were  dead. 

September  19. — The  same  experiment  repeated  in  the  field  on  worms  on  an  isolated 
plant  Ko  effect  visible  after  two  honrs,  bnt  six  honrs  later  all  worms  sprayed  with 
tbe  anbBtance  were  found  dead.  Applied  capsicnm  diluted  witti  five  times  the  amount 
of  witer.  No  effect  visible  after  twelve  hours,  the  worms  feeding  again  on  the  leaves 
9nyed  with  the  mixture.  The  experiments  were  then  discontinued  on  account  of 
the  most  onpleasant  effect  of  the  capsicum  upon  myself.  From  my  last  experiment, 
howeTer,  I  do  not  believe  that  capsicum  wiU  bear  much  dilution  without  losing  its 
efficacy  on  the  worms.  It  undoubtedly  affects  the  worms  by  contact,  though  I  am 
lUttble  to  explain  the  exact  manner  in  which  it  acts. 

None  of  these  vegetable  preparations  appear  to  be  hurtful  to  the 
plants,  though  in  several  instances  it  has  been  observed  that  the  leaves 
became  slightly  scorched  upon  application  during  very  hot,  bright  sun- 
shine, especially  in  forenoon  after  the  dew  had  disappeared.  As  the 
same  substances  were  subsequently  or  previously  applied  without  injury 
to  the  plants,  there  can  hardly  be  any  doubt  that  this  injurious  influ- 
ence must  be  attributed  to  other  conditions.  While  speaking  of  arsen- 
ical poisons  and  kerosene,  I  mentioned  that  they  are  more  liable  to  injure 
^9  plants  when  applied  during  hot  sunshine  than  during  cloudy  weather 
or  toward  evening.  In  the  case  of  these  vegetable  preparations  the 
^me  conditions  doubtless  prevail. 

^  a  remarkable  £etct  in  connection  with  these  experiments,  we  would 
^11  mention  the  slight  effect  produced  on  the  worms  by  alcohol.  Many 
0^  the  alcoholic  extracts  experimented  with  consisted  of  one-third  alco- 
liol,  and  had  no  effect  whatever,  even  upon  very  young  worms.  Even 
Poie  alcohol,  when  sprayed  on  the  worms,  only  kills  the  youngest  ones, 
tlie  average-sized  ones  soon  recovering,  while  the  full-grown  ones  are 
l^ly  affected. 
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YEAST  FERMENT :  FUNOUS  INFECTION. 

The  fact  that  insects,  like  other  animals,  are  subject  to  diseases  of  a 
epidemic  nature  and  of  a  fungus  origin  has  led  some  persons  to  hoi 
and  believe  that  the  germs  of  destruction  could  be,  so  to  speak,  art 
ficially  sown  among  those  which  it  was  desired  to  destroy.  Dr.  J.  ] 
LeConte,  of  Philadelphia,  was  the  first  in  this  country,  so  for  as  we  ai 
aware,  to  suggest  the  introduction  and  communication  of  such  disease 
at  pleasure  for  the  destruction  of  insect  pests,  in  a  paper  read  at  tl 
Portland  (1874)  meeting  of  the  Association  for  the  Advancement  of  Sc 
eBce.  Dr.  H.  A.  Hagen,  of  Cambridge,  Mass.,  has  elaborated  the  ide: 
and  strongly  recommended  as  a  general  insecticide  the  use  of  bee: 
mash,  or  diluted  yeast,  applied  with  a  syringe  or  a  sprinkler.  We  quol 
the  following  somewhat  sanguine  words  from  an  article  which  he  pal 
lished  in  Canadian  Entomologist  (vol.  xi,  June,  1879) : 

Dr.  Bail  asserts  that  he  has  proved  by  maDy  skillful  experiments  that  four  specie 
of  microscopical  fungi  are  merely  different  developments  of  the  same  species.    One  i 
them,  the  fungus  of  the  common  hoase-fly,  is  the  vexation  of  every  housekeeper.    Tt 
dead  flies  stick  in  the  faU  firmly  to  the  windows,  or  anywhere  else,  and  are  covert 
by  a  white  mold  not  easy  to  be  removed.    The  second  is  the  common  mold,  known 
everybody,  and  easily  to  be  produced  on  vegetable  matter  in  a  damp  place.    T 
third  is  the  yeast  fungus,  a  microscopical  species,  and  the  basis  of  the  work  done  ~ 
yeast  of  fermentation.    The  fourth  is  a  small  water-plant,  known  only  to  professioiz 
botanists.    Dr.  Bail  contends  that  the  spores  of  the  fungus  of  the  house-fly  develop 
water  in  this  last  species,  out  of  water  in  mold,  and  that  the  seeds  of  mold  are  tra~ 
formed  in  the  mash-tub  into  yeast  fungus. 

The  experiments  made  by  Dr.  Bail  cover  a  period  of  more  than  a  dozen  years,  sia 
the  numerous  objections  which  were  made  against  his  results  induced'  him  to  reji— 
again  and  again  his  experiments  in  different  ways.  I  am  obliged  to  state  that  ev 
now  prominent  botanists  do  not  accept  Dr.  BaiPs  views,  which  he  maintains  to 
true  and  to  be  corroborated  by  new  and  sure  experiments.  This  question,  imports 
as  it  may  be  for  botanists,  is  without  any  influence  regarding  my  proposition,  as  - 
Bail  has  proved  that  mold  sowed  on  mash  produces  fermentation  and  the  formats 
of  a  yeast  fungus,  which  kills  insects  as  well  as  the  fungus  of  the  housivfly.  I  ^ 
present  at  the  lectures  of  Dr.  Bail  before  the  association  of  naturalists,  in  1861,  wlv 
were  illustrated  by  the  exhibition  of  mold  grown  t>n  mash  on  which  the  fungus  of 
house-fly  had  been  sown,  and  by  a  keg  of  beer  brewed  from  such  mash,  and  by  a  &- 

baked  with  this  yeast. 

•  *  •  *  •  •  • 

Dr.  Bail  has  proved  by  numerous  experiments  that  healthy  insects  brought  in  ^ 
tact  with  mash  and  fed  with  it  are  directly  infested  by  the  spores  of  the  fungus  ^^ 
fatal  consequence.  These  facts,  not  belonging  strictly  to  the  main  part  of  his  exj^  J 
ments,  were  observed  first  by  chance  and  later  on  purpose.  The  most  different 
sects,  flies,  mosquitoes,  caterpillars,  showed  all  the  same  results.  The  experinm  ^ 
were  made  in  such  a  delicate  manner  that  a  small  drop  of  blood  taken  with  ^  ^ 
list's  needle  from  the  abdomen  of  a  house-fly  left  the  animal  so  far  intact  that  the  ^ 
operation  could  be  repeated  in  two  days  again.    Both  drops  examined  with  th^ 

croscope  proved  to  be  filled  with  spores  of  fungus. 

•  *  •  *  *  •  «r 

Considering  those  facts,  which  are  doubtless  true,  and  considering,  the  easy  ^ 
in  which  the  poisonous  fungus  can  always  and  everywhere  be  procured  and  adhibi  t 
1  believe  that  I  should  be  justified  in  proposing  to  make  a  trial  of  it  against  ins 
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etlamitieft.    Nature  uaes  always  to  attain  its  purposes  the  most  simple  and  the  most 
effeetoal  ways;  therefore  it  is  always  the  safest  way  to  follow  nature. 

Beer  mash  or  diluted  yeast  should  be  applied  either  with  a  syringe  or  with  a 
•pdnkler;  and  the  fact  that  infested  insects  poison  others  with  which  they  come  in 
oontacfc  will  he  a  great  help.  Of  course  it  will  be  impossible  to  destroy  all  insects, 
but  a  certain  limit  to  calamities  could  be  attained,  and  I  think  that  is  all  that  could 
reasonably  be  expected.  In  greenhouses  the  result  would  probably  Justify  very  well 
a  trial,  aod  on  currant  worms  and  potato  bugs  the  experiment  would  not  be  a  difficult 
one,  asthe  larvas  of  both  insects  live  upon  the  leaves,  which  can  easily  be  sprinkled. 
Bat  it  seems  to  me  more  important  to  make  the  trial  with  tbe  Colorado  grasshopper. 
Iihoold  recommend  to  infest  the  newly-hatched  brood,  which  live  always  together  in 
great  Dombers,  and  I  should  recommend  also  to  bring  the  poison  if  possible  in  contact 
with  the  eggs  in  the  egg-holes  to  arrive  at  the  same  results,  which  were  so  fatal  to 
Mr.  Trouvelot's  silk  raising.  After  all  the  remedy  proposed  is  very  cheap,  is  every- 
where to  be  had  or  easily  to  be  prepared,  has  the  great  advantage  of  not  being  obnox- 
ioastoman  or  domestic  animals,  and  if  successful  would  be  really  a  benefit  to  man- 
kiod.  Nevertheless  I  should  not  be  astonished  at  all  if  tbe  first  trial  with  this  rem- 
^y  would  not  be  yery  successful,  even  a  failure.  The  quantity  to  be  appliod  and 
the  mauner  of  the  application  can  only  be  known  by  experiment,  but  I  am  sure  that 
it  will  not  be  difficult  to  find  out  the  right  method.  I  myself  have  more  confidence 
in  the  proposed  remedy,  since  it  is  neither  an  hypothesis  nor  a  guess-work,  but  simply 
the  application  of  true  and  well-observed  facts.  I  hear  tbe  question.  When  all  this 
has  been  known  for  so  long  a  time,  why  was  it  not  used  long  ago  f  But  is  that  not 
true  formany  not  to  say  for  all  discoveries  f  Most  of  them  ore  like  the  famous  Colum- 
boa  egg. 

It  will  be  seeii  that  Dr.  Hagen  attaches  little  importauce  to  the  pres- 
eut  opinion  and  judgment  of  mycologists  as  to  the  non-identity  of  the 
several  fungi  alluded  to.    We  have  corresponded  with  some  of  the  lead- 
*"b  cryptogamists  of  this  country  pn  this  subject,  and  they  are  quite 
iQaiiimous  in  the  opinion  that  there  is  no  one  "of  the  least  reputation," 
^0  use  Professor  Farlow's  words,  who  admits  that  there  is  any  connec- 
tion between  the  fly  fungus,  known  as  Empuaa  mtiscce  but  belonging  to 
t^iie  genus  SaproUgnia^  and  the  yeast  fungus,  Saccharomyces  cerevislw. 
'^  18  to  be  regretted,  also,  that  more  precision  has  not  been  used  by 
^r.  Hagen  in  referring  to  these  fungi,  for  the  "common  mold  known 
^0  everybody"  is  most  vague,  since  many  different  species  of  mold  are 
^cognized  by  specialists,  while  "a  small  water-plant,  known  only  to 
professional  botanists^"  is  such  an  indefinite  expression  as  to  inspire 
Uttle  confldence  in  the  thoroughness  of  Dr.  Bail's  experiments.    Leav- 

• 

^*ig  to  the  specialist,  however,  the  question  as  to  the  kind  of  relation 

existing  between  the  lower  forms  of  fungi  intended  to  be  referred  to  by 

l^r.  Hagen,  we  felt  that  the  suggestion  coming  from  so  eminent  an 

entomologist  was  well  worthy  of  practical  trial.    We  took  occasion, 

therefore,  to  experiment  with  beer  mash  by  spraying  and  sprinkling 

it  upon  various  plants  that  were  to  be  fed  in  our  vivaria  to  Lepidop- 

terous  larvae.    The  principal  larvse  thus  experimented  with  were  of 

^(^pilio  MteriaSy  Danais  arcMppus^  and  Pieris  rapce.    The  results  gave 

^^0  encouragement  to  the  hope  that  anything  practical  would  result 

from  the  proposed  remedy.    The  larvje  fed  with  equal  avidity  and  went 

^ough  their  transformations  as  well  as  the  same  &pec\e&  h^  ^ovi^  ^xl 
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repeated  occasions  without  being  treated  to  beer  masli.  An  incideD 
connected  with  these  experiments  which  we  made  is,  however,  wel 
worthy  of  being  mentioned;  because  it  shows  how  very  easily  singl 
experiments  may  lead  to  false  hopes  and  conclusions.  A  certain  pro 
portion  of  the  last-named  larvse — the  proportion  differing  in  the  diffei 
ent  lots  treated — perished  before  or  while  transforming  to  the  chrysali 
state.  They  became  flaccid  and  discolored,  and  after  death  were  littl 
more  than  a  bag  of  black  putrescent  liquid.  We  should  have  at  one 
concluded  that  the  yeast  remedy  was  a  success  had  we  not  experience* 
the  very  same  kind  of  mortality  in  previous  rearing  of  this  larva,  an^ 
had  we  not,  upon  returning  to  the  field  from  which  the  larvae  in  que* 
tion  were  obtained,  found  a  large  proportion  similarly  dying  there. 

Though  from  this  experience  we  had  little  faith  in  the  value  of  tb 
proposed  remedy  as  against  the  Cotton  Worm,  we  nevertheless  too 
pains  to  have  it  test€d  in  1879  both  by  Professor  Smith  in  Alabam 
and  Professor  Willet  in  Georgia,  and  in  1880  by  Messrs.  Bailey,  Hul 
bard,  Jones,  Schwarz,  and  Stelle  in  various  parts  of  the  cotton  bel 
The  experiments  were  made  in  each  instiince  during  the  latter  part  < 
the  season,  when  the  vitality  of  the  worms  was  already  considerabl 
lowered,  a  condition  which,  in  our  experience  with  fungus  diseases  i 
insects,  was  eminently  favorable  for  satisfactory  trial.  But  in  spite  ( 
these  favorable  conditions  the  uniform  result  of  all  the  experiment 
showed  that  there  was  no  insecticide  virtue  in  the  ferment.  For  thi 
reason  we  merely  add  it  to  the  other  substances  just  enumerated  whic 
proved  to  have  no  insecticide  property. 


CHAPTER    XL 


MACHINERY  AND  DEVICES  FOE  THE  DESTRUCTION  OP 

THE  WORM. 

Bt  Pbof.  W.  S.  Barnard,  Ph.D..  Amstant. 
I.— flFSAY  F0ZZLE8. 


Since  most  of  the  nozzles  inveuted  have  been  claimed  iudependently 
of  insect-destroying  devices,  yet  are  applicable  for  throwing  poison,  and 
any  nozzles  may  be  used  on  other  machines  than  those  they  were  first  em- 
ployed on,  it  has  seemed  to  me  advisable  to  treat  them  all  in  a  separate 
chapter,  and  to  consider  them  in  what  I  have  foand  to  be  four  natural 
classes, viz:  1.  Many-punctured  nozzles;  2.  Slot-nozzles;  3.  Deflector 
nozzles;  and,  4.  Centrifugal  nozzles.  The  nozzles  which  at  present 
seem  to  be  the  best  will  be  described  under  the  last  .of  these  classes. 

MANY-PXTNCTUEBD  NOZZLES. 
[Plates  XIV  and  XV.] 

^6  nozzles  of  this  class  are  constructed  on  the  dissection  principle, 
dividing  the  liquid  into  a  group  of  small  jets  by  forcing  it  through  a 
many.panctured  face. 

^e  best  nozzles  of  this  group  are  such  as  have  the  tangential  en- 
trance. A  removable  face  is  of  great  importance ;  also,  the  perforations 
shoold  be  made  and  located,  or  directed,  according  to  the  principles 
explained  below. 

The  old-fashioned  sprinklers  and  sifters,  with  which  all  are  familiar,^ 
whether  made  of  perforated  sheet  metal  or  wire-gauze,  have  generally 
proved  unpractical  for  administering  insecticides,  because  of  the  fine 
holes  becoming  clogged  by  the  poison  and  other  materials.  To  prevent 
this,  various  stirring,  shaking,  and  straining  appliances  have  been  com- 
bined with  them,  but  without  as  good  results  as  are  to  be  desired. 

The  manner  in  which  the  holes  are  made  often  causes  much  trouble. 
These  are  sometimes  so  cleanly  drilled  or  punched  that  little  or  no 
borr  surrounds  them ;  but  usually  they  are  so  punched  that  on  one  side 
a  high  burr  or  ridge  is  formed  around  the  puncture,  while  on  the  other 
side  each  hole  appears  in  the  bottom  of  a  funnel-shaped  pit,  which,  if 
an  the  inside^  is  exceUently  calculated  to  collect  and  hold  particles  over 
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the  bole  to  clog  It.  If  a  sharp  center-pnnch  be  employed,  the  holes 
ought  to  be  punched  from  the  outer  surface.  In  this  manner,  each  hole, 
as  approached  upon  the  inner  side,  is  upon  an  eminence  where  clogging 
materials  find  unstable  equilibrium,  and  they  cannot  well  lodge  except 
between  the  holes.  Though  this  may  seem  a  small  matter,  very  much 
trouble  arises  from  its  not  being  observed. 

The  spray  should  generally  be  made  to  spread  rather  broadly,  and 
can  get  its  divergent  or  radiating  form  from  the  convexity  of  the  face< 
from  which  it  is  discharged ;  but  where  the  face  is  flat,  as  is  sometimes 
advisable  or  necessary,  especially  where  the  face  is  made  reversible,  tba 
divergence  can  be  obtained  by  drilling  a  part  or  all  of  the  holes  in  « 
somewhat  radiating  direction.  Also,  where  the  water  is  squirted  witr 
considerable  force,  a  fine  spray  will  be  obtained,  and  with  ample  spreac: 
by  boring  the  holes  straight  through  a  concave  face,  or  else  in  sucb 
direction  through  any  thick  face  that  sets  of  two  or  more  jets  conver^ 
to  a/opii^,  and  there  collide  to  dissipate  each  other  into  a  finely  ato^ 
ized  condition.  Using  this  principle,  a  well-dispersed  spray  of  bettn.- 
volume  and  quality  can  be  produced  from  a  smaller  number  of  holes  < 
larger  capacity,  whereby  they  are  less  liable  to  choke.  On  this  pLsi 
the  best  many-punctured  force-pump  nozzles  of  the  future  will  probabl 
be  made. 

The  rose  sprinkler-heads  of  watering  pots  and  nozzles  are  commonl; 
provided  with  no  openings  except  the  narrow  neck  by  which  they  j  oil 
upon  the  spout,  and  this  does  not  admit  the  removal  of  foreign  matter: 
which  collect  inside.  The  head  should  be  made  of  easily  separal>l< 
parts,  to  allow  the  interior  face  of  the  perforated  side  to  be  cleaned ,  aj 
will  be  seen  in  the  patterns,  some  of  which  have  the  punctured  face  re 
versible.  Squirting  through  tlie  perforations  in  an  opposite  directioi 
cleans  them  without  injury,  while  punching  through  them  with  any  hare 
instrument  is  a  slower  process  and  sure  to  damage. 

It  is  advisable  to  strain  the  water  before  it  is  admitted  to  nozzles,  of 
whatever  kind,  by  some  of  the  devices  shown  in  combination  with  tU^ 
various  reservoirs  for  carrying  it  and  pumps  for  forcing  it,  as  describe^ 
later  in  this  report.  There  is  always  an  advantage  in  strainers^ althoa^^ 
they  add  to  the  machine  an  increased  number  of  holes  to  be  cloggetf^ 
for,  if  fine  enough,  they  soon  clog;  yet  it  may  be  used  for  a  longer  tivcm- 
without  stopping,  and  the  damage  to  the  fine  perforations  of  the  fac^ 
by  punching  dirt  out  of  them  should  be  avoided.  The  strainer  shoal 
be  large,  and  does  not  have  to  be  cleaned  so  often  as  would  the  nozz 
proper;  still,  where  the  gauze  surface  is  exceedingly  fine,  or  where  t 
fluid  squirted  is  much  laden  with  solid  particles,  the  strainer  may  clo<^ 
very  quickly. 

Eddy-boses. — All  the  many -punctured  heads  may  be  improved  upo-^ 
by  introducing  the  liquid  in  an  eccentric  manner,  and  parallel  to  a  tac:^ 
gent  to  the  circumference,  to  cause  it  to  whirl  inside,  and  thereby  mal^ 
less  liability  to  clogging  by  keeping  active  any  internal  rubbish  whic^ 
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woald  tend  to  dam  ap  the  small  outlets.  Such  material,  if  kept  iu  mo- 
tion, does  not  Ub^^  the  spray.  Some  of  the  examples  showing  this 
principle  in  many-punctured  nozzles,  as  discovered  and  applied  by 
myself,  are  represented  in  Plate  XIY,  Figs.  1,  2,  3,  and  4. 

In  Plate  XIV,  Fig.  1,  c  and  e  indicate  two  can-screw  caps,  8  the  per- 
forated circumference,  and  a  the  spout  which  enters  the  chamber  at  a 
tangent  9tx. 

A  section  showing  the  interior  of  a  similar  nozzle,  which  has  but  one 
can-screw  opening,  appears  in  Fig.  2,  in  which  a  designates  the  eccen- 
tiicspoat,  and  i  a  rotary  brush  inside  of  the  rotation  chamber,  where  it 
is  made  to  whirl  by  and  with  the  water  to  wipe  away  clogging  materi- 
als from  the  [perforated  periphery.  Differently  formed  brushes  or  other 
bodies  may  be  inserted  on  an  axis  or  free,  and  one  or  more  small,  loose 
projectiles  can  be  placed  inside  for  the  same  purposes. 

Whea  nozzles  of  this  form  are  used  on  watering  pots  it  is  generally 
preferable  to  have  the  perforations  on  the  outer  rim,  as  shown,  in  order 
to  throw  a  flat  fan-shaped  spray  ;  but  a  head  may  be  made  as  in  Plate 
XIV, Figs.  Sand  4,  with  a  punctured  face  toward  one  side  as  a  conven- 
ient form  for  spraying  sidewise  in  a  broadcast  manner  or  vertically 
down  or  upwards. 

A  sprinkler  made  on  this  plan,  but  with  a  flat  cap-plate  or  an  inserted 
Ptag  instead  of  the  projecting  screw-cap  described,  and  with  divergent 
or  colliding  jets,  is  the  best  many-punctured  nozzle  for  dragging  or  car- 
^yiog beneath  plants  to  squirt  an  upward  spray;  but  better  sprays  for 
^ifi  purpose  are  made  by  nozzles  of  clasa  4. 

PiiUG-BOSES. — ^These  are  certain  nozzles  which  emit  the  spray  through 
S'ooves  cut  in  the  surface  of  a  plug  or  its  surrounding  wall. 

A  rather  curious  nozzle  of  this  class  was  used  in  the  machine  patented 
j^  1873  (Nos.  145571^  and  145572)  by  Mr.  Jehu  W.  Johnson,  of  Colum- 
^^  Tex. ;  and  is  illustrated  in  Plate  XV,  Fig.  4. 

-A  ping  with  parallel  grooves  as  water  passages  along  its  outer  sur- 
^^,  and  fitted  into  a  cup-like  expanded  end  of  a  tube,  is  held  in  place 
j^^d  may  be  set  out  or  in,  to  increase  or  diminish  the  spray,  by  an  ad- 
•'^^^ble  thumb-screw.    The  resultant  spray  is  bell-shaped. 

%.  J.  G.  Melcher,  of  Black  Jack  Springs,  Texas,  is  making  a  nozzle  in 
^fcich  a  metallic  grooved  plug  is  used.  The  plug  is  a  very  flat  cone,  and 
^rim  projects  beyond  the  jet  pipe  enough  to  spread  the  spray  quite 
^^de.  Inside  of  the  pipe  the  apex  of  the  cone  has  a  projecting  eye, 
^^xough  which  a  string  is  drawn  with  its  ends  passed  out  through  the 
^^ties  of  the  tube  at  points  farther  back,  where  the  two  ends  are  tied 
^^gether  to  hold  the  cone  in  place. 

A  somewhat  similar  irrigating  nozzle  containing  a  gi*ooved  plug  for 

dividing  water  into  a  spray  was  patented  in  1878  (No.  205733)  by  Mr. 

^muel  Dawson,  of  Hempstead,  N.  Y.,  and  a  more  spirally-grooved  plug 

*^r  the  same  purpose  and  for  giving  a  rotary  motion  to  the  spray  was 

i      l^^nted  in  1879  (So.  220277)  by  Mr.  F.  N.  Foster,  oi  Buffalo^  ^•'\. 

1  63  coj^a X:f 
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Another  modification  of  the  same  principle  appears  in  a  nozzle  claimed 
in  an  insecticide  machine  in  patent  !Nb.  260761,  J^^flH^^  1882,  by  Mr.  6. 
G.  Lynch,  of  Illawara,  La.  The  sprays  from  all  tRse  plug-roses  ait 
comparatively  coarse  and  cannot  be  well  adapted  to  poisoning  on  nnder 
surfaces,  while  the  pores  are  very  liable  to  become  stopped. 

CoLLiDiNaJETS. — Thenozzleresemblingaga8-jet(inPlateXV,Fig.5J 
having  two  converging  outlets  by  which  the  two  streams  emitted  meet,af 
shown  by  the  arrows,  to  form  a  fi^h-tailed  spray,  has  been  used.  Whes 
great  pressure  is  applied  to  the  water  forced  through  it,  as  by  a  forci^ 
pump  or  by  Mr.  Daughtrey's  air-pump  machine  (Plate  XXKVI),  the  t^ 
streams  meet  with  such  great  dispersing  force  as  to  dash  each  other  in^ 
a  fine  spray.  The  arrangement  of  the  outlets  at  the  closed  end  o£r 
tube  and  their  smallness  in  size  and  number  as  used  in  machines  he^ 
tofore,  and  as  they  must  be  to  give  small  enough  sprays  for  siuglero^ 
in  poisoning  from  beneath,  subject  them  to  clogging  to  an  extent  mi 
practical  for  this  purpose.  The  stoppage  of  either  hole  destroys  all  tJi 
•praying  power.  For  very  large  sprays  in  broadcast  sprinkling  the  Bizi 
of  the  outlets  may  be  increased  to  a  practical  extent,  and  a  number  oi 
such  converging  and  interruptiug  streamlets  may  be  produced  from 
holes  in  the  same  plane  or  from  the  surface  of  a  pipe  or  the  face  of  a  noz- 
zle which  is  concave  or  funnel-shaped.  In  rose-heads,  with  or  withoat 
reversible  faces,  the  holes  can  be  cut  in  pairs  of  twos  or  in  threes,  sacb 
that  their  jets  will  collide,  and  a  row  of  such  pairs  can  be  used  on  the 
side  of  a  trailing  pipe. 

For  spraying  upwards  I  have  produced  the  twin  jets  from  the  side  oi 
a  tube,  near  its  end,  and  from  a  terminal  chamber.  The  tube  shoald 
open  by  a  cap  or  plug  for  cleaning  out,  and  in  its  best  shape  has  a  ter^ 
minal  recurrent  or  rotation  chamber  or  passage  as  described  elsewhere^ 

A  nozzle-end  essentially  the  same  as  the  perforated  one  used  in  gas- 
jets  and  combined  in  Mr.  Daughtrey's  machine,  but  without  the  internal 
cone,  n*,  which  is  more  likely  to  assist  clogging  than  prevent  it,  was  pat- 
ented in  1878  (No.  202207)  as  an  atta<5hment  upon  the  ends  of  hose- 
nozzles,  by  Mr.  Adolph  Weber,  of  Detroit,  Mich.  A  nose-piece  hav- 
ing this  kind  of  discharge  and  also  a  parallel  main  bore  for  a  solid  jet, 
but  combined  with  the  end  of  a  hose-pipe  by  a  slide-plate  base,  so  that 
either  kind  of  jet  may  be  adjustably  set  in  use  instead  of  the  other,  waa 
secured  to  Mr.  A.  B.  Prouty,  of  Worcester,  Mass.,  in  patent  No.  22o721| 
March  23, 1880. 

On  account  of  the  holes  being  larger  and  fewer,  with  the  disx>er8ioD 
principle  to  produce  fineness,  these  are  certainly  among  the  best  noz- 
zles of  this  class. 

T-EOSES. — Broad  sprays  have  been  produced  through  tubular  7" 
shaped,  many-punctured  nozzles.  This  principle  is  used  in  the  ordinary 
street-sprinklers,  but  similar  long  perforated  cross-pipes  have  beec 
hauled  above  the  cotton  plants  for  sprinkling  them.  A  good  illustratioi 
of  tbia  is  seen  in  the  ^'Yeager  Cotton  Sprinkler''  (Plate  LIV,  Fig.  7) 
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SQch  nozzles  it  is  economy  to  pierce  only  those  sections  of  the  cross- 
feobe  that  come  over  the  rows,  and  leave  blank  spaces  with  no  spray  be- 
-t^ween,  as  in  the  figore  jnst  referred  to.    Any  perforated  tube  of  this  ' 
oliaracter  should  have  its  ends  closed  by  screw-caps  or  plugs.    The 
pipe  can  then  be  easily  cleaned  by  opening  these  and  passing  tlirough 
&  long  handle  bearing  one  of  the  cylindrical  brashes  used  for  cleaning 
lamp-chimneys.    Small  hand-nozzles  of  essentially  the  same  form  have 
l>een  made.    One  used  by  Mr.  Warner  on  his  ^<  Saddle-sprinkler,"  de- 
seribed  farther  on,  has  the  cross-tube  carved  as  in  Plate  XIY,  Fig.  6, 
to  thiow  the  spray  broader,  and  needs  the  improvements  just  suggested. 
DivmED  BOSE-HEADS. — ^A  rose-head  that  separates  from  its  neck, 
or  from  a  solid  jet-nozzle,  by  a  clutch-coupling,  which  is  the  simplest 
vay  of  joining  and  detaching  these  parts  quickly,  is  sold  by  Messrs. 
liast,  Foes  &  Co.,  of  Springfield,  Ohio.    It  also  leaves  the  interior  some- 
what accessible  for  taking  out  materials  which  choke  it. 

Mr.  WiUiam  Westlake,  of  Chicago,  111.,  patented  in  1871  (No.  174221) 
the  Q86  of  the  common  sheet-metal  can-screw  as  a  large  separable  neck 
for  rose-heads.  In  this  way  can  be  made  a  very  cheap  sheet-metal  rose, 
M  on  Plate  XIV,  Fig.  7,  with  a  wide  hole  through  which  to  remove 
clogging  materials  from  the  interior. 

Bat  a  still  larger  sheet-metal  screw-coupling,  separating  the  perfor- 
ated face  immediately  from  the  body  of  the  rose,  as  at  dj  in  Plate  XV, 
%2,  was  secured  to  Mr.  L.  B.  Foss,  of  Boston,  Mass.,  in  1876  (No. 
174221).  The  preceding  rose-heads  are  of  cheap  construction,  and  the 
lastmentioned  one  is  the  best  of  the  very  cheap  ones  heretofore  made  « 
entirely  of  thin  sheet-metal. 

Mr.  S.  H.  Fox,  of  Saint  Louis,  Mo.,  patented  in  1880  (No.  223332)  a 
strainer-nozzle,  a  plan- view  of  which  is  shown  in  Plate  XIV,  Fig.  8.  It 
consists  of  two  concentric  cylinders.  The  inner  one  is  of  fine  wire  gauze. 
Through  this  the  water  entering  by  the  inlet,  a,  must  pass  to  the  outer 
cylinder  before  reaching  the  very  finely  perforated  sprinkler-face  which 
emits  the  spray,  s.  This  face  is  a  screw-cap  removable  for  cleaning. 
Also  the  gauze  cylinder  may  be  renovated  by  taking  off  a  similar  cap 
which  bears  the  inlet-tube.  This  produces  an  uncommonly  finely-divided 
spray  for  a  nozzle  of  its  class. 

Yet  the  idea  of  removing  the  perforated  rose-face  from  its  body  by  a 
«rf  screw-juncture  and  screwing  it  on  reversed,  existed  much  earlier, 
and  was  embodied  in  a  patent  in  18G9  (No.  87321)  by  Mr.  James  Bar- 
rows, of  Hyde  Park;  Mass. 

Another  good  rose  with  the  face  reversible  was  obtained  in  1876 
(Patent  No.  116164),  by  Mr.  W.  T.  Vose,  of  Newtonville,  Mass.  A  plan- 
section  of  this  is  shown  in  Plate  XV,  Fig.  3,  where  a  represents  the  neck 
to  be  connected  with  a  spout  or  solid-jet  nozzle  and  c  is  a  screw-band 
which  clamps  the  reversible  circular  face,&,  to  the  wallsof  the  chamber  or 
wsehead,  a.  Being  constructed  of  brass,  nicely  finished,  it  is  probably 
^0  most  durable  and  serviceable  rose-head  made.    A  numbex  ot  d\SKc- 
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ent  sizes  are  offered,  and  there  is  a  series  of  faee- plates  sabstitative  1 
each  other,  bat  differing  in  the  sizes  and  number  of  perforations. 

Pebiphebal-boses  [divided]. — Mr.  J.  C.  Melcher,  of  Black  Ja 
Springs,  Tex.,  devised  a  discoid  sprinkler- head  with  a  many-panctai 
circumference,  patented  iii  1876  (No.  172467).  This  is  now  made  witl 
lid  clamped  fast  by  a  screw  and  removable  for  cleaning  out  the  interi 

To  Mr.  George  Yeager,  of  Flatbuia,  Tex.,  was  granted  in  1871)  (1 
219337)  what  he  regards  as  an  improvement  in  nozzles  of  this  stj 
which  consists  in  closing  the  top  and  base  with  sheet-metal  screw-ca] 
detachable  for  taking  out  accumulations  from  within,  while  the  cap  h< 
lowest  serves  to  store  the  heavy  sediments. 

A  nozzle,  Plate  XV,  Fig.  6,  producing  this  form  of  spray,  is  used 
the  Euhmann  sprinkler,  but  the  arrangement  for  cleaning  the  interio: 
different,  as  may  be  seen  in  a  sectional  view,  Plate  XV,  Fig.  7.  '. 
turning  the  T-shaped  thumb-handle  above,  a  small  brush  inside  is  ma 
to  sweep  the  inner  surface  of  the  punctured  rim.  It  will  be  seen  th 
such  sweeping  may  be  kept  up  constantly  by  an  automatic  proce 
to  be  described  in  chapter  XIII.  For  others  see  p.  193  and  PI.  XT 
Figs.  1  and  2.  , 

BosE-ooMBiNATiONS.^There  are  many  attempts  to  combine  the  ros 
bead  and  solid-jet  pipe  in  one  nozzle.  This  is  done  satisfactoiily  t 
having  the  rose  separable  from  the  pipe  by  a  clutch,  or  screw  couplini 
a  plan  which  has  been  already  spoken  of,  but  which  is  illustrated : 
longitudinal  section  in  Plate  XV,  Fig.  1  representing  a  nozzle  pateaU 
-in  1874  (No.  150742)  by  Messrs.  W.  Barry  and  L.  H.  Prentice,  of  Ch 
cago,  111.  The  circle  shows  the  plug-cock  perforated  by  the  cavity 
the  solid-jet  pipe  that  terminates  inside  of  the  rose-head  6,  which  cs 
be  separated  and  screwed  upon  the  nib  (7,  for  carrying  it  while  a  solid  j 
is  used.    Compare  the  clutch-rose,  p.  195. 

Several  other  devices  for  combining  the  rose  and  solid-jet  in  oneac 
zle  have  been  found,  but  they  are  usually  either  a  little  too  complex 
costly  to  become  popular,  or  else  the  construction  is  such  as  to  imps 
either  the  spray  or  the  solid -jet,  or  both. 

SLOT-NOZZLES. 
[Plates  XVI,  XVII,  and  XVIIL] 

In  slot-nozzles  ihe  form  of  the  spray  is  given  by  a  slot  or  group 
slots  from  which  it  is  emitted.  The  fluid  forced  from  a  slot  expan 
in  a  somewhat  fan-like  shape,  and  then  breaks  up  into  a  sheet  of  spn 

The  best  of  these  are  such  as  have  a  slightly  divergent  dischai 
from  the  side  of  an  eddy-chamber,  with  or  without  a  deflector  lip.  T 
examples  shown  on  Plate  XVI,  Figs.  4  and  5,  now  seem  to  be  t 
most  valuable,  though,  for  broadcast  work,  such  kinds  as  are  shown 
Figs.  1,  2,  and  3  may  sometimes  be  select<id. 

To  lessen  the  clogging  of  small  jets  adapted  to  poisoning  from  1 
neath.  only  a  single  slot  can  be  safely  used,  its  lips  should  be  far  apa; 
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and  any  redaction  of  the  discharge  capacity  shoald  be  made  by  short- 
ening the  lips  rather  than  by  narrowing  their  interspace  or  slot.  Dimiu- 
isbiog  by4ihi8  rale  the  smallest  slot  attainable  becomes  only  as  long  as 
it  is  wide,  and  loses  the  slot  character. 

If  coarse  slot«  do  not  make  the  spray  fine  enough,  the  latter  may  be 
thinned  by  adding  a  very  short  deflector  lip,  for  it  will  be  seen  further 
on  that  the  principles  of  deflection  and  rotation  may  be  advantageously 
BQperadded  upon  or  combined  with  the  slot  in  almost  all  cases. 

If  the  many-punctnred  principle  is  the  worst  for  small  jets,  the  slot 
principle  cannot  raqk  much  better  for  this  purpose.  We  have  seen  that 
to  get  a  spray  of  very  limited  size  the  slot  must  be  made  either  so  nar- 
row as  to  clog  too  much  or  must  be  shortened  until  it  is  about  as  long 
as  wide,  or  the  spray  is  not  thrown  thin  and  broad  enough  without  a<ld- 
ing  a  deflector.  This  suggests  the  substitution  of  the  deflector  in  place 
of  the  slot.  The  round-hole  deflector  certainly  ranks  higher  than  the 
dot-nozzle  for  small  jets,  but  it  in  turn  is  sui>erseded  for  this  purpose 
by  the  eddy-jets,  as  we  shall  see  further  on. 

The  slot  answers  for  heavy  broadcast  sprinkling;  but  also  in  this 
work,  if  it  has  aperture  enough  not  to  clog,  the  spray  will  be  too  coarse 
for  administering  poison  homogeneously,  and  if  narrow  enough  to  give 
sufficient  fineness  it  will  choke  too  much.  Yet  by  certain  improvements 
these  defects  may  to  some  extent  be  remedied.  The  slots  may  be  cut 
in  varioas  combinations,  and  several  slotted  rose-heads  have  been  pat- 
ented. A  number  of  straight  slots  may  be  arranged  as  parallels,  or  as 
whorls  of  radials,  or  diagonals;  also,  curved  slots  may  be  grouped  con- 
centrically, or  as  whorls  of  radials,  or  diagonal  curves  or  spirals.  The 
only  object  in  multiplying  the  number  of  slots  in  one  and  the  same  noz- 
de  is  to  increase  the  volume  to  make  large  sprays  without  diminishing 
fte quality  by  making  a  smaller  number  of  slots  coarser;  for  the  finer 
the  slot  the  finer  the  spray  and  the  less  its  volume.  Where  force  is  ap- 
plied groups  of  slots  are  preferable  to  the  groups  of  smaller  perforations 
of  the  many-punctured  nozzles  of  the  preceding  group,  and  when  rota- 
^onpf  the  liquid  is  introduced  in  many-slotted  chambers  the  cuts  should 
^  preferably  concentric  and  thus  parallel  with  the  rotary  current. 

The  slits  may  be' cut  on  ends  or  sides  of  pipes,  heads  or  nose-pieces 
^f  all  forms,  each  end-form  like  each  slot-pattern  having  its  own  pecu- 
li^  adaptation ;  but  the  slotted  surface  should  generally  be  in  some 
^^y  curved  with  cylindrical,  conical,  or  spheroid  contour  to  emit  the 
^Tay  in  a  radiating  manner,  and  thus  spread  it  more  widely,  or  collid- 
^H  slot-jets  can  be  used.  A  rounded  end  should  preferably  have  an 
internal  cavity  of  capacity  and  form  suited  to  adapt  it  for  a  rotation- 
<5hamber,  since  the  rotary  principle  may  also  be  introduced  as  an  im- 
provement in  nozzles  of  this  group. 

Selecting  with  reference  to  these  principles,  and  also  for  the  purpose 
^  adopting  a  nozzle- end  of  such  form  that  it  can  be  cut  with  slots  of 
aoyfoni  or  grouping  that  may  be  made  on  either  sides  or  ends,  and 
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especially  with  reference  to  the  possibility  of  angular  sprays  for  th: 
ing  vertically  as  well  as  direct  ones  for  broadcast  work,  the  general  g 
of  end  shown  in  Plate  XVI,  Fig.  4,  which  is  a  rotation-chamber,  c, ' 
an  eccentric  entrance,  a?,  seems  preferable. 

For  broadcast  throwing  it  will  generally  be  most  convenient  to  u 
fan-shaped  spray,  projected  straight  ahead  in  the  direction  of  the 
of  the  supply  pipe.    This  is  attainable  by  a  slit  cut  as  fiom  z  to 
Plate  XVI,  Fig.  3. 

But  for  throwing  sidewise  or  upward  or  downward  at  an  angle  ^ 
the  spout  axis  and  in  the  plane  of  rotation,  shown  by  the  arrow,  a 
ilar  slot  from  r  to  o  or  from  z  to  s  should  be  used. 

If  such  a  side-spray  is  desired,  but  in  a  plane  at  an  angle  with 
plane  of  rotation,  the  incision  is  made  in  the  plane  of  the  spray  desi 
and  preferably  between  «  and  z^  at  or  very  near  the  entrance,  whe 
will  correspond  to  the  hole  of  a  whistle  and  be  benefited  by  the 
creased  spraying  power  at  that  point  where  the  ingoing  and  outg 
streams  conflict  with  each  other. 

The  chamber  should  be  capable  of  being  opened  to  remove  accum 
tions  from  within,  as  will  be  shown  in  several  of  the  nozzles  descri 
further  on  in  this  section. 

The  lips  of  slit-nozzles  ought  to  be  cut  slightly  beveled,  and  1 
inward  so  that  their  innermost  margins  are  most  approximate  and 
jecting  somewhat  into  the  chamber,  in  order  that  what  passes  thro 
these  cannot  lodge  beyond  and  what  strikes  upon  them  will  be  in 
stable  equilibrium  and  cannot  rest  there.  If  the  inverse  form  of  li; 
tried  particles  will  wedge  into  the  slit  rapidly,  and  much  difficulty  i 
clogging  arises.  The  slot  needs  to  expand  outwardly  only  to  a  si 
extent,  but  this  is  very  essential,  especially  if  the  lips  are  thick,  altbo 
this  may  in  a  small  degree  impair  the  quality  of  the  spray  if  the  bevi 
much  extended.  To  remedy  this  defect  it  is  better  to  bevel  only 
lip,  and  have  that  bear  a  deflector  lip  or  rim  to  correct  irregular! 
and  equalize  or  thin  the  spray  to  the  quality  desired.  Such  a  defle< 
may  be  high  or  steep,  to  change  the  direction  of  the  spray  when  thi 
wishe49  but  it  must  be  observed  that  too  much  lip  is  apt  to  cause  c 
of  the  fluid  retarded  by  the  adhesion  or  friction  of  its  surface,  or  by 
resistance  from  being  too  steep,  which  is  not  advisable.  Yet  with  la 
broadcast  sprays  this  waste  can  be  collected  and  returned  to  the  re 
voir  by  Mr.  Schier's  device,  shown  in  Plate  XXIII,  Fig.  1,  and  explai 
further  on ;  or  by  an  arranjjement  patented  by  Mr.  Anthony  Iske 
Lancaster,  Pa.,  in  1880  (No.  232131),  or  others.  The  deflector  maj 
adjusted  higher  or  lower  by  a  movable  slide  or  screw-juncture  for 
purpose  of  pitching  the  spray  higher  or  lower,  and  for  covering  par 
the  slot  to  lessen  or  increase  its  discharge  capacity  at  will.  A  defle< 
of  this  kind  is  preferably  made  in  the  form  of  an  inclined-edged  a 
or  as  a  bevel-edged  screw-band  around  the  nozzle. 

AlaOf  th#  two  lips  can  be  acyustable  toward  and  ttom  each  otboi 
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opeD  or  close  the  slot,  or  they  may  be  entirely  sepamble,  better  to  enable 
cleaniDg  and  repairing.  The  part  of  the  slot  wlicre  the  pressure  or 
velocity  is  greatest,  as  where  the  injected  stream  strikes  with  the  most 
force,  should  be  narrowest,  and  vice  veraay  to  get  an  evenly-distributed 
spray.  In  rotary  slit-nozzles  the  width  of  the  slot  should  increase  some- 
what, but  very  slightly  and  gradually,  in  the  direction  of  rotation,  as 
along,  triangular  fissure.  If  the  inverse  is  tried,  particles  flowing  in 
the  direction  of  the  current  natuiniUy  wedge  fast  between  the  lips,  but 
with  a  gradual  expansion  in  the  direction  of  the  movement  the  wedging 
along  the  slot  cannot  occur  so  often. 

In  this  class  of  nozzles,  more  than  in  any  other,  is  the  use  of  a  rotary 
body  or  projectile  in  the  rotation  chamber,  and  caused  to  whirl  around 
by  and  with  the  fluid  therein,  of  value  for  wix)ing  away  and  keeping  in 
motion  or  disintegrating  internal  foreign  bodies  tending  to  lodge  upon 
and  clog  the  excurrent  orifice.  A  rotary  brush  or  any  tough  body  may 
be  used.  A  pebble,  piece  of  stone,  or  very  hard  metal  wears  oflF  the 
inner  surface  of  the  lips  very  rapidly,  though  this  process  goes  slowly 
if  the  surfaces  are  or  become  very  smooth;  when  a  body  is  thus  used 
the  smoothing  process  progresses  quite  rapidly,  as  with  metal  castings 
pot  in  a  rattler.  A  pebble  thus  used  soon  becomes  smoothly  coated 
^th  the  metal.  Perhaps  the  best  plan  is  to  use  a  piece  of  material 
softer  than  that  of  which  the  chamber  is  constructed.  Compare  Eddj- 
ro8es,  p.  193. 

To  be  able  to  observe  the  internal  whirling  action  the  chamber  was 
inadoT\ith  one. face  of  glass.    The  whirling  is  exceedingly  rapid,  tend- 

■ 

^H  to  produce  a  vacuum,  and  certainly  generating  a  rarification  in  the 
center  which  cannot  be  filled  with  liquid  during  the  motion.  This  cen- 
tral vacuity  is  quite  large,  and  the  water  appears  as  a  band  around  its 
^ntside.  So  rapidly  does  the  fluid  rotate  under  high  pressure  that 
l^odies  carried  in  it  are  invisible.  If  a  very  small  body  be  put  in  such 
d  nozzle  and  blown  upon,  it  flies  about  invisibly  fast  and  strikes  so  rap- 
%as  to  make  one  continuous  sound,  but  as  you  blow  with  gradually 
^diminishing  force  the  sound  breaks  into  a  series  of  rapid  ticks,  and  by 
booking  closely  the  little  body  may  be  observed  flying  around. 

The  following  are  some  of  the  nozzles  which  have  been  devised  and 
perfected  in  ray  work  under  Professor  Riley,  whether  for  the  Bntomo- 
logicar Commission  or  the  Department: 

In  Plate  XVI,  Fig.  6,  is  seen  a  coarse,  bevel-lipped  side-slot,  «,  in  the 
^bular  part,  a,  which  bears  a  cap,  c,  with  a  beveled  edge,  which  may  be 
^t  80  as  to  form  a  deflecting  lip  to  the  discharge,  or  to  close  it  in  part, 
^r  entirely.  Thus  is  made  an  adjustable  slot,  and  the  cap  may  be  re- 
moved, if  necessary,  for  cleaning  out.  By  different  bevels,  and  by  set- 
^^^g  the  cap  farther  on  or  off',  the  spray  can  be  deflected  at  a  right 
*^gle,  or  in  planes  at  various  other  angles,  which  may  be  especially  of 
^vantage  in  spraying  upward. 

Itt  Plate  XVI,  Fig.  7,  a  similar  nozzle  is  shown,  differing  chiefly  in  th« 
^  of  a  plug,  e,  in  place  of  a  cap,  and  having  the  de&Mt^l^  \m  qsv^%^ 
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sitely  inclined,  and  formed  by  the  end  of  the  tube  at  «.  A  nozzle  coim 
stracted  on  this  plan  can  be  made  to  throw  nearer  to  the  direction  cr 
its  axis.  It  should  be  observed  here  that  in  both  the  above  nozzles  a^ 
least  one  of  the  slot-lips  is  beveled  to  make  the  inner  edges  of  the  lip^ 
more  approximate,  and  these  same  edges  should  preferably  proje^ 
slightly  inward  to  make  clogging  less  liable. 

Allied  to  the  foregoing  is  a  third  form  of  nozzle,  as  shown  in  Pla^ 
XVII,  Figs.  1  and  2.    It  differs  from  that  in  Plate  XVI,  Fig.  6,  chiefly 
the  cap  possessing  one  or  more  slots, «,  of  its  own,  with  lips  beveled 
positely,  so  that  either  can  be  set  as  a  deflector,  and  shut  or  partial, 
close  the  corresponding  tube-slot  by  being  set  back  or  forth.    A  nozzle    < 
this  kind  combines  all  the  deflecting  advantages  of  both  the  styles  jl~s.4 
described.    Probably  the  best  way  to  construct  this  is  to  let  the  deflectix 
lips  on  the  outside  be  formed  by  the  margins  of  the  cap  c,  on  the  on 
side,  and  of  a  band,  r,  on  the  other,  these  parts  being  either  independ^E 
or  narrowly  joined  at  one  or  two  or  more  places  by  a  drop  of  solder^   c 
by  a  small  narrow  piece  bridging  across  from  one  to  the  other.    SucIjl 
bridge  may  be  turned  to  where  it  will  divide  the  tube-slot  into  two,  a-in 
in  this  manner  two  or  more  separate  sprays  are  produced  from  the  sa^nc 
nozzle.    A  similar  nozzle  is  inversely  constructed  by  having  the  inn^ 
slot  in  a  hollow  plug,  the  outer  lips  formed  by  the  rim  of  the  ensheatb  in 
tube,  and  with  a  band  fixed  to,  or  independent  of,  the  same,  to  combic 
with  either  of  the  two  sides  of  the  plug-slot. 

I  find  that  a  very  simple  way  of  holding  a  deflector  lip  to  a  tube  sl^j 
its  outlet  is  to  clamp  it  beneath  a  rubber  band  or  rubber  tube  slid  ^ 
as  a  sheath.  For  example,  a  flat  piece  of  sheet  metal  can  be  conforms 
to  the  surface  of  the  tube  or  nozzle,  and  then  have  one  end  bent  up  ^ 
beveled  as  a  deflector,  while  the  other  end  may  be  shoved  under  tfc 
rubber  sheath,  which  will  hold  it  in  place.  The  plate  can  be  pulled  oi*^ 
or  replaced,  or  adjusted,  and  when  not  needed  over  the  discharge,  it  ^ 
carried  under  the  opposite  end  of  the  rubber.  Of  course  metal  sheatL:^ 
or  partial  bands  can  be  used  similarly,  and'  a  very  good  plan  is  to  a^ 
for  a  side  clamp  a  spring  ring  soldered  or  riveted  fast  at  one  point  an-* 
elsewhere  free,  but  severed  on  the  opposite  side  with  inwardly  beveled 
ends  to  clamp  the  lip-slide.  A  similar  ring  attached  to  the  lip  serve  ^ 
well  for  fixing  it. 

The  principle  of  rotation  may  be  introduced  with  advantage  in  all  th#^ 
preceding  chambered  forms .  of  slot-nozzles  by  making  the  supply  en^ 
trance  eccentrically  parallel  to  a  circumferential  tangent  to  the  rotatioi^ 
chamber.  I  have  made  cheap  sheet-metal  nozzles,  involving  this  prin^ 
ciple,  after  the  plans  indicated  in  Plate  XVI,  Figs.  1  and  3.  In  Fig.  3  th*-- 
spout,  a,  enters  tangentially  into  the  chamber,  c,  being  soldered  to  it  ai^ 
X.  Near  the  outside  of  this  juncture  is  the  cross-slot,  8.  The  chamber 
is  formed  of  two  concave  pieces,  or  can  be  short,  cylindriform,  and  ma- 
have,  for  cleaning  out,  an  opening  closed  by  a  can  screw  or  otherwise 
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But  it  \rm  be  simple  to  make  the  spoat,  a,  so  short  that  obstracting 
matter  may  be  removed  through  it. 

In  Fig.  1  is  seen  a  similar  rotary  nozzle,  but  with  a  slot, «,  following  in 
its  cylindrical  periphery.  The  slot  increases  in  width  in  the  direction 
of  rotation  (from  right  to  left)  for  reasons  given  above.  The  screw-cap 
e  affords  a  large  entrance  to  the  chamber.  I  have  used  this  same  kind 
of  nozzle,  made  of  brass,  in  the  more  compact  form  shown  in  Fig.  2, 
▼here  the  opening  above  is  by  a  screw-plug,  c.  The  plug  may  be  solid 
or  it  can  be  hollow  and  have  a  slot  also.  In  this  case  it  may  be  set  by 
screw  or  otherwise  towards  either  of  the  outside  lips,  which  then  serve 
individaally  as  deflectors  or  for  partly  closing  the  inner  slot  to  thin  the 
spray. 

Nozzles  of  this  kind  may  have  the  rotation  chamber  of  small  diam- 
eter, eyen  as  small  as  that  of  the  supply  tube  as  shown  in  Plate  XVI, 
Figs.  4  and  5.  Of  these,  Fig.  5  has  its  discharge  on  the  side,  at  right 
angles  to  the  spout,  and  is  for  spraying  upwards,  while  Fig.  4  ex- 
hibits anozzle  for  direct  sprays.  In  this  figure  is  also  presented  a  plan- 
section  of  the  latter.  The  lettering  is  the  same  for  the  three  figures. 
The  slot  is  marked  «,  the  plug,  e,  the  spout,  a,  and  o  represents  an  ec- 
centric entrance,  admitting  the  liquid  from  the  spout,  a. 

These  rotary  slot  nozzles  are  very  compact  and  convenient,  supplying 
the  spray  in  any  direction  desired. 

The  nozzle  shown  in  Plate  XYIII,  Figs.  2  and  3,  presents  some  other 
Editions  which  may  be  made  in  this  class.  The  spout,  a,  leads  to  a  cham- 
^r,  ^  formed  by  two  plates  or  caps,  c,  held  together  by  the  screw  or 
thumb-screw,  to.  One  or  both  of  these  may  have  a  part  of  one  edge  cut 
^vay  to  leave  a  slot-like  outlet  between  them,  as  at  8,  Here  it  will  be 
^Q  that  the  outlet  grows  wider  in  the  direction  of  rotation,  and  one 
^P  has  a  bevel  beyond  which  it  shows  a  deflector-rim  in  section  at  p. 
^&ee,  loose  projectile,  t,  whirls  with  the  liquid  inside  of  the  annular 
Camber,  to  wipe  away  or  disint/egrate  any  obstructing  materials  which 
'^ge  upon  the  interior  of  the  slot.  It  is  preferable  to  unite  the  screw 
^t  to  one  cap,  which  then  answers  as  a  thumb-head  for  it,  while  the 
^^ler  works  as  a  nut.  By  unscrewing,  it  can  be  opened.  In  Fig.  2  the 
^tfee  parts  will  be  seen,  and  it  differs  in  having  the  slot  continue  en- 
^^i'^ly  around  between  the  caps,  which  do  not  at  any  point  quite  meet 
r  their  margins,  but  are  held  thus  apart  by  a  central  column  penetrated 
r^  or  formed  on,  the  screw.  With  a  low  deflector  this  would  throw  a 
■^^^ular  or  dish-shaped  spray,  but  with  the  rim,  j?,  higher,  as  shown,  the 
^t^xay  is  thrown  in  a  bowl-shaped  form. 

^fter  this  consideration  of  the  more  essential  principles  pertaining  to 
^\ot-iiozzles  we  are  prepared  to  judge  better  of  the  value  of  various 
Winds  that  have  appeared  in  the  trade. 

SmpLE  SLOT-NOZZLES. — ^Thc  practice  of  squeezing  the  end  of  a  hose 
^  %ten  the  jet  of  water  into  a  spray  has  long  been  in  vogue,  and  the 
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thimble  shaped  gasjet  which  discharges  through  a  slit  across  its  en< 
aDother  early  simple  form  of  slot-nozzle  used  for  sprayiug  liquids. 

In  1874  Mr.  J.  H.  Fowler,  of  Oakland,  CaL,  patented  (No.  153675 
slotted  thimble-nozzle  with  the  end  flattened  and  broadened  somewl 
to  enable  greater  length  of  slot,  and  hence  throw  a  larger  volume 
spray  than  the  simpler  thimble  form,  but  the  shape  is  such  as  to  rem 
it  very  liable  to  clog,  and  there  is  no  easy  way  for  cleaning  it  out 

A  slot-nozzle  of  this  description,  but  having  a  crook  so  that  its  ( 
charge  is  at  a  strong  angle  with  its  supply  pipe,  has  been  claimed,  "^ 
some  other  pump-details,  by  Mr.  W.  W.  Mallory,  of  Holland  Pate 
Oneida  County,  N.  Y.,  in  patent  No.  237193,  February  1, 1831. 

Mr.  Anthony  Iske,  of  Lancaster,  Pa.,  patented  (No.  232131),  in  18 
a  nozzle,  consisting  of  a  slot  in  the  side  of  a  small  box  which  is  per 
rated  by  a  supply  tube  having  an  inlet  hole  from  its  side  into  the  b 
Tbe  bottom  of  this  chamber  has  small  leak-holes.  The  drip  from  th 
and  the  slot  collects  in  a  large  cup  beneath  them  and  mounted  on 
same  tube.  This  principle  also  looks  like  a  poor  one,  but  I  have 
had  an  opportunity  for  testing  it,  and  hence  cannot  speak  with  i 
tainty. 

Plug  slot-nozzles.— Mr.  A.  F.  Allen,  of  Providence,  R.  I.,  i 
ented  in  1869  (No.  89436)  and  in  1872  (No.  132617),  what  may  be  cal 
a  plug  slot-nozzle,  the  latter  patent  having  added  an  internal  gate-va 
to  shut  off  the  discharge  which  would  generally  not  be  needed  in  spr 
ing  poison.  The  water  is  spread  by  a  conical  plug  held  so  loosely 
the  discharge  orifice  that  a  sheet  of  liquid  can  issue  all  around  it  9 
break  into  a  spray.  Tbe  plug  is  attached  by  small  rods  to  a  nut  whi 
screws  back  and  forth  on  the  outside  of  the  nozzle,  by  which  the  pi 
may  be  set  tight  enough  to  close  the  end  or  loose  enough  to  let  o 
a  sheet  of  liquid  of  any  thickness  desired.  With  a  different  pla{ 
solid  jet  alone  or  a  solid  jet  and  spray  combined  is  made  by  the  sai 
nozzle. 

A  slit-nozzle  involving  some  of  the  principles  in  Mr.  Allen's  noz2 
some  in  Mr.  Ruhmanri's  improved  cone-deflector,  and  others  in  Mr.  Jol 
son's  grooved  plug- nozzle  is  called  ^'  The  Niagara  Lawn  Sprinkler  "  a 
is  being  made  at  Sacramento,  Cal.*  The  cone  deflector  serves  as  an  i 
justable  loose  plug,  to  change  the  quantity  of  water  emitted  around 
A  rod  through  the  axis  of  the  nozzle  barrel  projects  beyond  the  c 
charge,  where  it  is  cut  with  a  spiral  thread,  on  which  the  truncated  [ 
forated  cone  can  be  screwed  and  placed  at  such  distance  as  to  regul 
the  size  of  spray  desired. 

Mr.  F.  T.  Pinter,  of  Schulenburg,  Tex.,  patented  (No.  233431)  in  1) 
a  nozzle  having  a  semi- funnel-shaped  discharge,  and  fitted  into  the  sa 
a  semi-cone  as  a  plug  set  farther  in  or  out  by  a  clamp  screw.  G 
curved  narrow  space  between  this  plug  and  the  concave  wall  is  the  c 

*  See  Treatiae  on  iiueots  iiijurioas  to  fralt,  &c.,  of  the  State  of  California,  by  Hattbew  Cook, 
jWDtnte^  IBSL    jrifnre  and  deeoription  on  p.  M. 
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let  orifice,  haviiig  a  carved-slot  shape.  The  device  is  essentially  a 
crooked  adjastable  slot,  bat  such  that,  when  set  wide  open,  its  lips  act 
ouly  as  deflectors. 

Bkkovabls  slots. — A  slit-nozzle  manafactnred  nnder  the  joint  pat- 
ent (N^o.  251448,  Dec.  27, 1881)  of  Messrs.  P.  Long,  De  W.  0.  Vestal, 
and  A.  F.  Merigot,  of  San  Jos^,  Oal.,  consists  of  a  screw-cap  having  a 
large  round  perforation  through  its  top,  beneath  which  a  slotted  circu- 
lar disk  can  be  clamped  on  the  end  of  a  pipe.    Disks  with  slots  of  un- 
like capacity  are  separably  insertable  to  produce  sprays  of  different 
sizes.    The  same  arrangement  permits  clogging  material  to  be  removed. 
JiWED  SLOTS. — Attempts  have  been  made  to  combine  the  slit-spray 
and  solid  jet  in  one  nozzle.    Most  of  these  are  not  well  suited  for  our 
purposes,  but  I  must  notice  one  which  will  answer  well  for  large  broad- 
cast sprays.    This  is  sold  in  the  market  under  the  title  of  '^  The  Boss 
Nozzle^  as  patented  (No.  208122),  in  1878,  by  G.  N.  Raymond,  and 
G.  B.  Perkins,  of  Bridgeport,  Conn.    It  is  shown  in  Plate  XVII,  Fig.  6, 
and  in  section  at  Fig.  6 ;  b  represents  its  hose  attachment,  a  the  barrel 
and  e  its  head,  through  which  the  passage  is  controlled  by  a  faucet- 
plag,  d,  so  cut  that  it  may  be  turned  by  the  head  d  to  direct  the  water 
throagh  the  solid  jet-pipe /,  or  through  the  slot  «,  at  will.    This  slit 
allows  the  water  to  spread  broadly  and  the  plug  is  adjustable  to  flatten 
tlie  spray  still  more  to  any  degree  of  thinness  desired,  or  allow  it  to 
discharge  with  the  full  capacity  of  the  slot    This  adjustment  enables 
the  washing  or  cleaning  out  of  foreign  materials  instantly  from  the  slit, 
simply  by  turning  the  plug,  which  is  one  of  the  greatest  advantages  in 
this  nozzle. 

A  solid  jet,  with  lips  that  close  to  form  a  slot-spray,  was  invented  by 

Hr.LB.  Smith,  of  Chelsea,  Mass.,  and  secured  in  1881  (No.  245096). 

A  section  vjew  of  it  appears  in  Plate  XVII,  Fig.  4 ;  a  indicates  the  bar- 

^l  npon  which  a  long  thumb-nut,  6,  may  be  screwed  backward  or  for- 

^^ri.   The  two  peculiarly  shaped  lips,  yy,  with  sides,  ccy  are  hinged,  at 

^}  npon  which  joints  they  may  open  or  shut.    The  lips  also  have  back- 

^^  lever  arms,  xx.    The  nut  screwed  forward  beneath  these,  holds 

^^e  lips  shut,  leaving  only  the  slot  outlet,  while  moving  the  nut  back 

^  disengage  it  from  the  levers  allows  the  lips  to  open  and  a  solid  jet  is 

^^i^harged.    Similarly  the  slot  can  be  opened  to  permit  obstructing 

Matters  to  wash  out  of  it. 

In  1874  (No.  153977)  Mr.  Biddle  E.  Moffett,  of  Swedesborough,  N.  J., 

J^^tented  the  nozzle  shown  in  Plate  XVII,  Fig.  3.    "  The  spout,  a,  is  cut 

^^der  suitable  inclination,  and  closed  by  rdbber  or  other  packing,  6, 

^I^plied  to  the  similarly  inclined  front  end  of  a  spring-lever,  Z,  which  ia 

^Woted  to  standard,/.    The  packing,  6,  is  of  elliptical  shape,  and  fits 

^gbtly  over  the  spout  of  the  nozzle,  so  as  to  prevent  the  escape  of  any 

^^Bter  therefrom.    A  band  spring,  n,  acts  on  the  handle  of  the  lever, 

^nd  forces  the  front  end  on  the  spout  until  opened  by  pressure  on  tk^ 

Wm  handle,  I,  or  on  its  lip. 
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For  the  purpose  of  watering,  the  nozzle  is  held  in  one  hand  and  the 
spring  lever  depressed  by  the  other,  so  as  to  produce  the  release  of  the 
packing  and  the  escape  of  the  water.  The  water  being  thrown  out  with 
certain  force,  inipinges  on  the  front  packing  of  the  lever,  which  stands 
at  a  certain  angle  with  the  direction  of  the  water  and  causes  thereby 
the  deviation  from  its  course  and  its  spreading  into  a  broader  sheet 
The  water  is  thrown  to  a  greater  or  less  distance  from  the  spout  as  the 
lever  is  opened  more  or  less." 

In  case  the  discharge-crack  clogs,  it  can  be  suddenly  sprung  wide 
open  and  the  obstructing  particles  as  quickly  washed  away.  It  should 
also  be  observed  that  the  packing  projects  to  serve  as  a  deflector  and 
thus  make  the  spray  thinner.  Somewhat  similar  to  this  are  the  three 
following  styles : 

Plate  XVIII,  Fig.  1,  shows  a  modified  plan  of  nozzle  which  was  made 
by  Mr.  Williams,  of  Selma,  Ala.,  and  used  on  hispump  noticed  furtheron. 
The  water-pipe,  a,  opens  into  a  chamber  formed  of  a  can-screw,  c,  upon  a 
saucer-shaped  base,  s.  These  are  soldered  together  only  in  the  region 
marked  x.  From  this  to  «  is  an  open  crack  out  of  which  a  sheet  of  wa- 
ter is  thrown  and  spread  still  more  thinly  by  striking  the  npwardlj^  in- 
clined rim,  8,  The  pressure  of  the  water  inside  tends  to  force  said  crack 
open  wider,  but  it  is  set  and  held  at  any  width  desired  by  the  thumb-nut, 
on  a  bolt  which  perforates  the  base  and  has  its  head  soldered  to  the 
cap  above.  When  the  nut  is  removed,  the  cap  bearing  the  bolt  can  be 
unscrewed  and  taken  off,  leaving  the  top  open  for  removing  clogging 
materials  from  within;  but  generally  the  crack  will  clear  itself  if  the 
thumbscrewisloosened^a  little  to  let  it  gape  somewhat  wider  for  an  in- 
stant. 

Mr.  Buhmann  caveated  two  nozzles  shown  in  Plate  XVIII,  Figs.  4  and 
5,  combining  principles  already  seen  in  the  two  just  descri^^ed.  Each 
consists  of  a  spout,  a,  with  its  diagonally  cut  end  covered  by  a  plate,  pj 
which  is  partly  soldered  fast,  as  at  Xj  and  partly  free,  the  free  part  be- 
ing a^ustable  to  and  from  the  end  to  open  or  close  the  intervening 
crack,  «,  whence  the  liquid  is  ejected.  In  Fig.  4  this  adjustment  is  by 
the  thumb-screw,  t^  working  through  the  stiff  arm,  6,  and  having  on  its 
point  a  knob-like  expansion  inside  of  a  discoid  elevation  seen  on  the 
plate,  p,  enabling  the  plate  to  be  pulled  from  or  pressed  toward  the  spout 
by  working  the  screw  for  changing  the  size  of  the  spray  and  allowing 
solid  accumulations  to  wash  out.  In  Fig.  5  is  a  different  arrangement 
for  the  same  purposes.  Here  the  plate,  p,  has  attached  to  it  the  lever,  fr, 
passing  loosely  through  the  fulcrum,/,  and  operated  by  a  person's  fin- 
ger upon  the  end,  &,  while  it  is  capable  of  being  set  close  or  wide  by  the 
thumb-screw,  ^,  working  against  the  spring,  r. 

Mr.  F.  T.  Pinter,  of  Schulenburg,  Tex.,  has  recently  sent  to  the  Agri- 
cultural Department  a  nozzle  very  similar  to  those  just  described.  The 
flexible  half  of  the  plate  is  a  separate  piece  and  only  attached  to  the 
other  half  by  a  small  piece  of  spring  metal  across  the  center  of  the 
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jaBcture.  This  holds  the  plate  off  from  the  diagonally  cut  end  of  the 
spout  while  it  may  be  depressed  to  diminish  or  close  the  outlet  by 
screwing  down  upon  it  a  flanged  thumb-nut.  Also,  the  tube  crooks  near 
the  plate  so  that  its  stem  or  handle  is  parallel  to  the  course  of  the  spray. 
Its  operation  is  not  essentially  different  from  that  of  the  other  nozzles 
jost  noticed. 

A  slot-nozzle  patented  in  No.  223402,  January  6,  1880,  by  Mr.  J.  W. 
Stanton,  of  'Sew  York  City,  consists  in  a  solid  jet  pipe  with  one-half  its 
barrel  longitudinally  cut  off  at  its  discharge  end  and  for  some  distance 
back  so  that  the  thumb  can  there  be  applied  against  the  side  of  the 
Ktream  to  flatten  and  disperse  it. 

Side  slots. — ^The  diagonal  slot-nozzles  have  led  us  naturally  to  those 
which  discharge  from  a  slot  in  the  side.  Of  this  kind  I  have  tested 
two  or  three  different  styles  devised  by  Mr.  John  Schier,  of  Ellinger, 
Tex.  Plate  'XVI,  Fig.  8,  shows  his  simplest  sort,  which  is  a  vertical 
screw-cap,  with  a  horizontal  slit  cut  near  its  top.  The  slit,  «,  is  so  deep 
as  to  throw  a  broad  semicircular  spray,  while  that  in  Plate  XVI,  Fig. 
9,  differs  only  in  having  the  spray  divided  into  three  with  intervals  be- 
tween. In  this  way  the  one  nozzle  may  be  made  to  supply  three  rows 
without  wasting  much  spray  between  them.  Either  of  these  short  cap 
nozzles  can  be  screwed  on  the  end  of  a  vertical  discharge  pipe,  and 
in  case  of  clogging  can  be  removed  by  unscrewing  them,  while  their 
shallowness  makes  the  interior  easily  accessible.  A  third  nozzle  bv  the 
same  inventor  is  represented  in  Plate  XVI,  Fig.  10.  The  part,  c,  is 
screwed  on  and  separable  from  a  screw  fixed  in  a  solid  core,  filling  the 
center  and  one  side  of  the  tube,  a.  At  one  side  of  this  core  is  an  upward 
slotlike  passage  leading  to  the  horizontal  outlet,  the  lower  lip  of  which 
is  the  top  margin  of  the  spout,  a,  while  its  upper  lip  is  the  lower  margin 
of  the  cap,  -e,  and  hence  the  lips  are  taken  apart  when  those  parts  are 
separated.  This  gives  better  opportunity  to  clear  out  obstructions  from 
^c  horizontal  outlet  and  the  vertical,  semi-cylindrical  slot  within,  which 
niayalso  choke  unless  a  very  perfect  straining  process  is  used.  The 
lever,  <,  is  a  thumb-piece  by  which  to  screw  the  short  tube,  a,  on  a  pipe, 
and  the  vertical  collar  at  its  base  is  to  prevent  any  poison  from  spurt- 
^?  back  toward  the  same,  which  points  toward  the  operator. 

Mr.  J.  0.  Melcher,  of  Black  Jack  Springs,  Fayette  County,  Tex., 
furnished  two  varieties  of  this  type  of  nozzle,  which  are  very  sim- 
ple in  construction,  and  may  be  briefly  described  as  follows  :  The  first 
^  a  simple  T  pipe  of  tin.  with  two  slots  cut  crosswise  of  the  tube  and 
parallel  with  each  other  just  opposite  the  juncture  of  the  stem-pipe. 
Tte  ends  of  the  cross-pipe  are  closed,  one  having  a  cork  or  plug  remova- 
We  for  cleaning  out  the  interior.  The  other  nozzle  is  a  simple  L  pipe 
forming  an  obtuse  angle  and  having  its  distal  end  closed  with  a  cro3»- 
^ise  slot  near  thereto.  For  comparatively  coarse  broadcast  work  these 
f^E^rms  may  be  employed,  and  any  of  the  coarse  side-slots  answer  for 
powder-blasts  discharged  beneath  the  plants.   See  PL  XXVII,  Fig.  4^  gs , 
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DE7LE0TOB  NOZZLES. 

(Plates  zix  to  xxm. ) 

• 

Under  this  title  may  be  noticed  nozzles  such  as  spread  a  sotid  jet  b; 
a  projecting  inclined  surface  against  which  it  is  forced.  The  deflecto 
is  generally  nsed  for  jets  of  liquid,  bat  it  is  also  applicable  for  spreading 
directing,  and  dividing  blasts  laden  with  dry  insect  powder.  The  em 
ployment  of  a  beveled  or  inclined  lip  as  an  auxiliary  in  slot  sprays  ha 
already  been  noticed,  but  in  the  group  of  nozzles  which  is  to  be  coe 
sidered  now  the  spray  is  produced  by  the  deflector  alone. 

1  have  found  that  good  cheap  deflector  nozzles  are  easily  made  b 
cutting  the  plates  out  of  thin  sheet  brass,  copper,  zinc,  or  tin  by  mean 
of  a  pair  of  stout  common  scissors,  or  by  tinner's  shears,  by  then  bene 
iug  in  the  curves  as  described  below,  or  as  indicated  in  Plate  XX,  whi] 
the  deflector  is  adjustably  or  separably  attached  very  easily  and  satisfia^ 
torily  by  inserting  its  stem  between  a  solid  jet  nozzle  and  a  segment  i 
elastic  hose  or  an  elastic  band  tightly  surrounding  the  same. 

Over  the  many  punctured  and  slotted  nozzles  described  above,  thei 
have  the  advantage  of  possessing  only  a  single  round  orifice,  usustl 
of  such  size  as  to  be  less  liable  to  choking.  At  least  so  much  is  tn 
of  large  jets  for  spraying  broadcast  over  a  number  of  rows;  but  jets 
this  class  from  force-pump  pressure  and  small  enough  for  single  ro^ 
or  for  poisoning  from  beneath  are  peculiarly  adapted  for  clogging  1 
the  diminutive  size  necessary  to  give  only  the  very  limited  quantity 
liquid  needed.  On  this  account  it  may  be  impossible  to  adapt  this  d 
vice  quite  satisfactorily  to  the  process  of  poisoning  from  beneath. 

On  the  other  hand,  for  surface  sprinkling,  it  works  very  much  bett6 
though  lacking  the  highest  degree  of  fineness.  But  in  all  cases  the  I  - 
resists  the  fluid  after  it  is  freed  from  pressure,  thereby  retarding 
slightly  and  causing  a  little  to  waste  by  dripping  or  falling  in  larg 
drops  unless  forced  with  uncommonly  great  velocity.  To  avoid  th  ^ 
the  plate  should  be  polished  exceedingly  smooth  and  bright  and  nc: 
allowed  to  rust.  Also  the  jet  must  be  thrown  against  it  with  gre^ 
force,  otherwise  mere  adhesion  of  the  tbiu,  outspread  film  of  water  t^ 
its  surface,  especially  if  the  stream  be  small,  causes  some  waste  b;; 
dripping.  Since  there  is  no  adhesion  of  water  to  fatty  substances, 
have  tried  greasing  the  plate,  which  helps  to  avoid  friction  and  adhe: 
sion  of  water  as  between  metal  surfaces.  Certainly  there  seems  to  h 
less  drip  when  it  is  applied,  while  it  tfnay  help  to  prevent  rust  from  fonxM 
iog.  Also  an  additional  pipe  terminating  in  a  fannel  beneath  the  plat^ 
to  catch  and  return  the  waste  to  the  reservoir  can  be  used  with  thesa 
broadcast  sprinklers. 

The  lip-nozzle  as  commonly  made  with  a  single  jet  has  a  flat  deflect 
ing  plate  with  a  curved  outline  or  a  straight  distal  edge  in  the  sair" 
plane  or  slightly  turued  up.  The  spray  from  these  naturally  forn^ 
denser  and  heavier  in  its  center,  becoming  thinner  towards  the  margii^ 
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which  are  not  thrown  so  far  as  the  median  part.  For  throwing  poison 
solution  npwardy  especially  into  trees,  this  may  be  preferable ;  but  for 
throwing  it  horizontally  broadcast,  less  direct  distance  and  greater  width 
withmore  perfect  onter  margins  areneeded.  There  are  nozzles  for  oar  pur- 
poses that  thin  the  middle  of  the  spray  by  a  median  prominence  of  the 
plate,  and  there  are  others  which  do  not  thin  the  middle  but  contract 
the  margins  by  turning  up  the  sides  of  the  plate ;  but  these  two  features 
should  be  combined  in  one  and  the  same  plate  and  should  run  together 
by  a  regular  undulation.  Such  a  plate  may  have  various  adjustments, 
maoy  of  which  are  shown  in  the  patterns  to  be  described. 

Id  some  of  the  styles  to  be  noticed  it  will  be  seen  that  it  has  been 
Uie  aim  to  use  with  a  solid  jet  pipe  a  deflector  so  adjusted  that  it  may 
be  set  entirely  out  of  the  way  of  the  jet,  and,  in  some  cases,  to  give  a 
variable  pitch  to  spray  it  strongly  or  slightly  as  desired. 

The  following  are  some  of  the  forms  of  deflectors  used :  Those  in 
I^late  XIX,  Fi4*s.  1, 2,  and  3, 1  employed  chiefly  for  spreading  tlie  large 
air-blast  jets  of  powder-poison  blown  from  pipes  about  3  inches  in 
diametef.  The  deflector  plates,  p^  shown  in  these  figures,  stand  at  a  vari- 
able angle  oi  about  45^  from  a  vertical  and  the  end  of  the  horizontal 
^POQt,  a,  is  cut  at  an  inverse  angle  of  45^. 

Pig.  3  represents  one  consisting  of  the  si>out,  a,  and  an  angle-plate 

Reflector,  p,  attached  below,  at  a?,  and  above  by  the  rod,  «.    At/  is  an 

'^cision  with  the  corners  bent  outward  to  divide  the  jet  into  two  lateral 

*^^-8haped  sprays,  projecting  them  in  nearly  opposite  directions  into  two 

^^s  from  a  single  spout  ending  between  them  and  near  the  ground. 

Another  pattern  presented  in  Fig.  2  produces  similar  effects  on  the  jet. 
^^  median  part,  /,  is  bent  up  into  a  high  fold  which  is  closed  at  the  lower 
^M  and  soldered  into  slits,  at  a?,  cut  above  and  below  in  the  extremity 
^^  the  spout,  a.  The  upper  part  of  the  fold,/,  should  be  closed  for  a 
^^iJtinuous  spray,  but  to  divide  the  one  into  two  it  may  be  opened  some- 
what. The  lower  angles,  v  v,  are  curved  to  direct  upward  and  thicken 
^k©  outer  margins  of  the  spray. 

The  latter  feature  is  more  strongly  produced  in  the  similarly  con- 
^^^cted  nozzle  appearing  in  Fig.  1  which  condenses  the  sides  of  the 
^Pray  still  more  and  works  equally  well. 

In  order  to  get  an  even  fan-shaped  spray  without  ragged  thin  borders 

^he  contracting  of  the  outer  margins  by  bending  the  outer  edges  of  the 

P^ate  upward  is  as  important  as  the  thinning  of  the  median  portion  of 

^^e  spray  by  elevating  the  middle  of  the  plate,  and  these  two  features 

Appear  in  combination  with  each  other  in  some  of  the  deflectors  below. 

There  are  three  other  patterns  by  which  it  is  easy  to  make  these  of 

sheet  metal. 

One  of  them  is  shown  in  Plate  XX,  Fig.  4.  Tin*  plate,  p^  has  it^  me- 
^an  part  elevated  at/,  while  the  lateral  margins,  /*,  are  curved  over. 

^Q  Fig.  3  the  peculiarity  consists  in  having  the  distal  end  of  the  plate, 
P)  ^ot  cut  straight  across  but,  with  an  angular  piece  cut  out^  flah-taiL- 
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like,  with  a  short  slit,/,  in  the  middle,  while  to  each  side  of  it  the  frot} 
edge  is  bent  upward,  more  steeply  at  the  center  but  less  and  less  to 
wards  the  outer  angles  where  the  common  level  of  the  rest  of  the  jpl^ti 
is  attained  and  beyond  which  the  margins  of  the  plate  roll  up.  I^ 
case  the  water  escapes  through  the  central  slit  badly  it  may  be  bridge 
over  by  a  drop  of  solder  on  its  back. 

The  third  form,  Plate  XX,  Fig.  1,  by  which  similar  results  have  h&^> 
obtained,  is  the  most  satisfactory.  In  it  there  dre  no  corners,  the  fro*:^ 
edge,/,  being  rounded  and  moderately  elevated  to  an  angle  approxima^' 
ing  350,  but  more  or  less  variable  with  the  pitch  of  the  impingeut  solS 
jet.  Although  the  upturned  sides,  hh^  somewhat  condense  the  outer  ma- 
gins  of  the  spray  thus  made,  they  are  thrown  as  far  as  the  central  pa^ 
because  of  their  encountering  less  resistance,  for  the  forward  margS 
toward  the  middle  retards  more  and  deflects  the  fluid  strongly  to  warn 
the  sides. 

The  form  shown  in  Plate  XX,  Fig.  2,  with  a  straight  slightly  upturns 
front  edge,  has  been  used  by  some  in  preference  to  the  older  style  wi£: 
a  plate  entirely  flat;  but  while  it  retards  the  central  portion  most  it  do^ 
not  spread  this  part  strongly  enough  and  has  the  fault  of  retarding  als 
.the  sides  somewhat  and  deflecting  them  more  than  the  center,  wheret>: 
they  are  rhrown  less  distant  and  made  thinner  when  they  ought  in 
stead  to  be  condensed  slightly  in  a  lateral  direction  and  be  not  at  all 
imi)eded  in  front,  for  the  rule  to  be  established  for  throwing  a  d.flector- 
spray  of  equal  quality,  densit}^,  and  distance  from  the  center  to  the  out- 
side is  to  hold  or  deflect  the  sides  somewhat  toward  the  center,  and  the 
denser  center  somewhat  toward  the  sides. 

The  nozzle  shown  in  Plate  XXI,  Fig.  1,  was  patented  by  Mr.  R.  Hoi- 
lings  in  1853  (No.  9520),  The  loose  ring,  0,  surrounding  and  pivoted,  at 
ss  to,  the  discharge  end  of  the  hose  pipe,  B^  bears  the  triangular  deflector 
plate.  A,  and  the  lever,  JT,  by  which  the  plate  may  be  tilted  up  or  down. 
A  spring,  c,  tends  to  elevate  the  lever  and  depress  the  plate,  but  the 
thumb  can  be  used  in  opposition  to  the  spring  to  alter  the  pitch  of  th( 
same  at  any  instant.  The  same  changes  can  be  made  more  slowly  h} 
turning  up  or  down  the  screw,  1>,  operating  upon  the  lever  through  the 
link,  E  U;  but  the  screw  is  especially  for  the  purpose  of  holding  the  plati 
more  steadily  at  the  angle  desired  and  without  any  manual  effort,  Thij 
device  without  the  screw  is  presented  in  the  descriptive  catalogue  (p 
221,  Fig.  159),  of  Messrs.  W.  and  B,  Douglas,  of  Middletown,  Conn, 
with  the  statement  that  '^Fig.  159  shows  hose-pipe  with  our  improve< 
sprinkler  on  it." 

Similar  adjustments  appear  in  a  more  compact  and  hence  more  con 
venient  device  patented  in  1873  (No.  142719)  by  Mr.  Amos  NickersoD 
of  East  Somerville,  Mass.  In  Plate  XXI,  Fig.  2,  the  flat  plate,  B,  has  it 
lateral  margins  turned  up  and  is  pivoted,  at  c,  to  the  hose-pipe,  A.  Th 
plate  is  set  at  the  angle  desired  by  the  thumbscrew,  D,  working  throu^l 
its  ^  >ry  short  lever  arm,  at «,  and  against  the  pipe,  A, 
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Mr.  J.  T.  Hay  den,  of  Cambridge,  Ma8s.,  secured  in  1878  (No.  205267) 
tlie  pattern  in  Plate  XXI,  Fig.  3.    It  is  a  hose-pipe  which  discharges 
from  the  plug-hole,  c.    Beyond  the  plug,  B,  is  a  shortened  barrel,  so  ex- 
panded that  the  plug,  6,  as  shown  in  section,  can  have  its  passage,  o,  set 
to  discharge  against  the  side  of  the  short  barrel,  which  then  serves  as.  a 
deflector,  and  spray  is  thrown  from  a  concave,  semicylindrical  portion 
of  its  surface. 

Another  simple  device  for  this  purpose  is  that  in  a  patent  issued  in 
1881  (No.  238295)  to  Mr.  J.  W.  Killam,  of  Lakew#od,  N.  J.,  and  pre- 
sented in  Plate  XXI,  Fig.  4.    The  scoop-shaped  plate,  D,  is  provided 
with  a  socket,  B,  which  can  be  forced  over  the  jet-pipe,  A,  when  a  jspray 
is  desired,  or  may  be  removed  to  use  the  solid  jet. 

Becently  the  nozzle  presented  in  Plat«  XIX,  Figs.  6  and  7,  manufact- 
uied  by  Mr.  P.  C.  Lewis,  of  Gatskill,  N.  T.,  along  with  his  combination 
force-pnmp,  described  further  on,  has  come  to  our  notice.  The  adjust- 
ment of  the  small  deflecting  plate,  p,  is  admirable.  The  plate  extends 
backward  beneath  the  spout  as  a  narrow  slide-bar,  j)^  through  the  loops, 
vvjof  the  rings,  r  r,  and  terminates  in  a  bent  eye.  By  pulling  this 
back  with  the  finger  the  deflecting  part  of  the  plate,  j>,  is  drawn  under 
the  end  of  the  spout,  to  which  it  clings  firmly  by  springing  up  tightly 
against  it.  Thus  the  unimpeded  solid  jet  is  used,  and  the  same  may  be 
instantly  converted  into  a  spray  by  pushing  the  plate  forward.  This 
deflector  is  very  small,  neat,  and  well  made  of  brass.  The  front  edge 
is  rounded,  but  in  the  same  plane  with  the  rest  of  the  plate,  which  is 
very  narrow,  with  its  sides  nearly  parallel.  The  spray  is  of  a  form  suited 
better  for  sprinkling  trees,  windows,  and  houses,  but  for  broadcast  work 
on  the  ground  or  over  low  vegetation  a  square  and  broader  spray  with- 
out ragged  borders  and  with  the  margins  and  median  parts  equally 
dense  would  be  preferable. 

One  of  the  deflectors,  sent  by  Mr.  J.  Schier,  of  Ellinger,  Tex.,  is 
'^presented  in^  Plate  XIX,  Fig.  5.  The  median  prominence  of  the  plate 
spreads  the  water  more  towards  the  margins  and  thins  its  center, 
hereby  is  sought  a  spray  of  greater  width,  with  its  middle  made  as 
^io  as  its  sides.  The  back  of  the  tin  plate  is  stiifened  by  an  additional 
%er  of  tin  and  a  thick  mass  of  solder,  while  its  neck  has  a  short  brass 
^'^w  attachment,  a,  to  the  spout. 

Another  of  a  similar  pattern,  but  entirely  of  brass,  has  the  plate  de- 
^chable  so  the  solid  jet  may  be  used  when  desired  as  in  Fig.  4.    The 
^^flector,  J),  is  soldered  to  a  ring,  ti,  which  may  be  unscrewed  from  the 
^IHiut,  a. 

^r.  J.  A.  Barrett  has  secured  a  patent  in  (No.  239305)  1881  which 

ims  to  cover  the  foregoing  idea,  or  the  principle  of  dividing  the  jet 

^^to  a  spray  by  an  angular  deflector  shown,  at  a,  in  Plate  XXI,  Fig.  5, 

^here  its  edge  is  represented  as  projecting  into  the  jet, «,  from  the  hose- 

^^Pc,  e,  upon  which  the  shank,  h  and  c,  of  the  deflector  is  clamped  by  the 

spring,  d.    1 1  is  asserted  that  ^*  no  backward  flow  or  general  apattecva^^  ol 

63  CONG M 
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the  llaid  is  occasioned  about  the  orifice  of  the  pipe  or  about  the  8] 
ler."  The  waste  which  falls  as  drip  from  otlier  nozzles  is  thro 
some  distance  in  the  direction  of  the  spray,  which  is  certainly 
agreeable  to  the  operator. 

.  In  Mr.  Bahmann's  improved  atomizer,  Plate  XXII,  Figs.  2  and 
see  one  of  the  oddest  nozzles  of  this  class;  b  represents  a  cone  be 
a  rod,  0,  to  the  pipe,  a,  in  such  position  that  the  axis  of  the  tube  and 
have  the  same  direction,  while  the  apex  of  the  latter  is  at  the  cent 
the  solid  jet,  which  spreads  equally  over  the  surface  of  the  cod 
the  more  expanded  basal  rim,  beyond  which  it  is  projected  as  a  h 
cone-shaped  spray  of  equal  density  on  all  sides.  These  cone-defl< 
can  be  used  in  broadcast  sprinkling. 

A  very  simple  uozzle  of  this  group  is  the  oae  in  Plate  XXII,  I 
"Which  pertains  to  Mr.  Binkley's  machine,  described  hereafter.  II 
sists  of  a  jet  tube,  d,  squirting  against  the  flat  inclined  plate,  e.  1 
machine  a  row  of  these  is  arranged  on  a  cross-pipe  at  just  such  disti 
apart  that  the  margins  of  their  sprays  meet  so  all  combine  to  sprii 
broad  strip  including  several  rows. 

Mr.  John  Schier,  of  EUinger,  Tex.,  has  invented  some  compoun( 
zles  of  this  class,  as  shown  in  Plate  XXII,  Figs.  4,  5,  and  6.  In  1 
three  or  four  jet-tubes  from  the  same  source  are  made  to  radiate 
each  other  and  strike  a  semicircular  or  circular  deflector-plate  at 
angles  that  the  margins  of  all  the  sprays  coalesce  to  form  one  wh 
very  broad  and  may  be  semicircular  or  circular  in  outline.  The  d 
of  these  need  to  be  noticed  more  particularly.  His  earlier  form  of  thi 
nozzle  and  its  mode  of  attachment  is  given  in  Fig.  4,  and  at  Fig.  5 
same  with  the  deflection^plate  disconnected  so  as  to  show  its  adjust 
The  nozzles,  ccCj  are  connected  with  the  conducting  pipe,  a,  by  meai 
nut,  6,  and  throw  the  liquid  onto  a  distributing  plate,  (7,  of  brass,  h 
and  strengthened  by  au  outer  layer  of  tin.  This  plate  is  secui 
place  by  means  of  a  screw  soldered  beneath  the  nozzles,  running  tb: 
a  tube  connected  with,  and  rendered  firm  by,  a  bow,  e,  soldered  ai 
end  to  the  outer  layer  of  the  plate.  The  screw  issuing  from  this 
receives  a  nut ;  while  still  greater  security  is  given  to  the  plati 
projection,  g,  beneath  which  fits  onto  a  tube  attached  to  the  nozzle- 
In  this  form  his  three-jet  nozzle  is  attachable  to  any  ordinary  hose 

In  1879  (No.  221617)  Mr.  Schier  patented  a  three-jet  sprinkler  < 
ing  somewhat  from  that  just  described.  One  modification  of  it  ap 
in  Plate  XXIII,  Fig,  1,  where  p  indicates  the  rim  which  is  semici: 
and  mounted  on  a  U-shaped  piece,  te,  the  ends  of  which  slide  th 
the  loops,  ii,  on  the  vertical  part  of  the  incurrent  tube,  a,  from  whi( 
whole  is  detachable  by  drawing  the  U-bars  out  from  their  loops.  J 
this  the  knob-shaped  nozzle  chamber  is  inserted  separably  by  a 
joint,  X.  The  upper  part  of  this  can  act  as  a  reacting  air-chamber 
closed  off  by  a  cross-septum  just  above  the  three  jet  tubes,ii/,  anc 
serve  only  as  a  knob  whereby  it  may  be  unscrewed.    Like  the  p 
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ixg  one,  it  is  btrong,  nicely  made,  and  throws  a  spray  of  fair  quality.    In 

recognition  of  the  fact  that  sprinklers  of  this  gronp  cause  some  drip 

aud  waste  thereby,  Mr.  Schier  has  combined  with  his  nozzles  a  bowl- 

ehaped  funnel,  beneath  the  plate,  p,  to  catch  the  drip  and  return  it 

tbioagh  a  tube,  r,  leading  back  to  the  reservoir. 

In  this  connection  may  be  noticed  a  nozzle  patented  in  1881  (So. 
!!38430)  by  Mr.  A.  J.  Polansky,  of  Payetteville,  Tex.,  and  which  seems 
to  be  only  a  simplification  of  that  described  above.  It  is  represented 
in  Plate  XXIII,  Fig.  3,  where  h  indicates  a  nozzle-chamber  which  can  be 
opened  by  the  screw-cap,  c,  above.  There  is  a  central  inlet  below  from 
the  spout,/,  and  outlets,  oooj  exist  at  the  side,  the  latter  discharging  jets 
somewhat  downward  to  be  deflected  by  the  rim,  k.  In  the  Fig.  4,  below, 
these  parts  are  seen  from  above,  c  designating  the  cap  and  h  the  cham- 
ber, wliich  is  partly  surrounded  by  the  deflector-rim.  This  at  its  junct- 
ure has  semicircular  holes,  kkJcy  through  which  the  drip  from  the  plate 
may  descend  into  a  pan,  ft,  attached  by  the  brace,  2,  and  to  the  spout,  /. 
Bat  adjoining  the  spout,/,  is  a  small  passage,  Xj  from  which  the  collected 
drip  flows  down  the  outer  surface  of  the  spout,/,  to  the  reservoir.  In 
other  forms  of  this  nozzle  an  air-chamber  is  substituted  for  the  cap,  c, 
to  make  the  spray  more  constant. 

A  nozzle  having  essentially  the  same  form  has  been  made  by  Mr. 
Schier  and  is  shown  in  Plate  XXIII,  Fig.  2.  a  is  the  inlet  spout,  h  the 
chamber,  o  its  cap,  serving  as  an  air-chamber,  while  ooo  indicates  the 
OQtIets  and  p  the  circular  deflector-rim.  This  nozzle  is  specially  in- 
tended to  screw  on  top  of  the  upturned  end  of  a  pump-spoat.  It  is 
strong  and  neatly  constructed  of  brass.  Mr.  Schier  has  also  produced 
a  cheaper  nozzle  having  a  similar  plan.  A  zinc  can-screw  cap  forms 
tbe  chamber,  which  has  a  tin  inlet  spout  and  deflector-rim. 

All  these  three-jet  nozzles  make  broadcast  sprays  of  fair  quality, 
bnt  throw  too  large  a  volume  to  be  adaptable  to  poisoning  from  beneath, 
Md  the  capacity  of  their  outlets  cannot  be  reduced  sufficiently  without 
becoming  so  small  as  to  suffer  from  clogging.  The  only  safe  way  to 
^minish  the  quantity  of  the  spray  in  such  nozzles  is  by  reducing  the 
nomber  of  oudets. 

OENTBIFUaAL  NOZZLES. 
(Plates  XXIV,  xxv,  and  xxvi.) 

Centrifugal  sprinklers  expand  the  jet  by  giving  it  a  rapid  rotary  mo- 
^ou,  which,  by  the  centrifugal  force  generated,  throws  the  fluid  into  a 
Bhower  of  particles.  Several  styles  of  nozzles  come  under  this  head- 
^gi  as,  1,  Eddy-ehamberedj  2,  FistulaVj  and  3,  Spray -wheeled. 

Among  these,  those  of  the  first  sub-group,  the  Eddy-jet  nozzles,  are 
^ebest  For  broadcast  sprays  those  shown  in  Plate  XXV,  Figs.  5  and 
i  Plate  XXVI,  Fig.  1,  and  Plate  XXIV,  Fig.  1,  are  particularly  recom- 
'fiended.    For  single-row  spray-jets  applied  above  or  beneath  the  foli- 
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age  those  in  Plate  XXV,  Figs.  1, 2, 3,  5,  and  6,  are  preferable.    Descrip- 
tions of  these  appear  in  the  text  below. 

When  the  extension  piece  or  nose-piece  of  a  spray-pipe  is  removed, 
a  broad  spray  of  better  quality  is  produced.  This  I  regard  as  positiye 
evidence  that  in  centrifagal  nozzles  a  long  discharge  passage  retards 
the  rotation  and  deflects  the  parts  of  the  current  more  nearly  toward 
parallelism  with  each  .other  and  with  the  main  axis  of  the  passage, 
thereby  loosing  the  centrifagal  or  spraying  power  and  producing  a  nar- 
rower, poorer  spray.  By  far  the  most  perfect  spraying  effects  are  ob- 
tained by  the  Eddy-chamber  with  an  immediate  axial  discharge  from 
its  face.  There  is  no  better  established  principle  in  mechanics  than 
that  for  dispersing  purposes  the  immediate  discharge  from  the  wall  of 
a  chamber  is  far  superior  to  a  pipe  or  barrel  discharge. 

Eddt- CHAMBERED. — Eddy  chamber  jcts  are  produced  by  new  spray- 
mg  devices  invented  and  developed  in  the  progress  of  the  commission 
work.  They  possess  a  chamber  usually  of  disk-like  or  annular  shape. 
There  is  preferably  for  our  present  purposes  a  single  inlet  which  dis- 
charges into  the  chamber  in  an  eccentric  direction  parallel  to  a  tangent 
to  its  circumference.  Such  a  device  gives  to  the  fluid  forced  into  it  a 
centripetal  geometrically  involute  course,  very  completely  converting 
the  in-current  projectile  or  translatory  velocity  or  motion  into  velocity  of 
rotation  apparently  increasing  toward  the  center,  which  generally  has 
an  immediate  discharge  by  an  outlet  through  the  fbice  of  the  chamber  and 
not  by  a  long  pipe.  The  fluid  within  proceeds  in  an  inwinding  course 
approximating  parallelism  to  the  thin  lips  of  the  outlet,  so  that  the  tend- 
ency to  preserve  this  direction  by  its  momentum  after  being  freed  dis- 
perses it  in  the  form  of  a  whorl  of  diverging  tangents  from  the  lip 
margins,  as  roughly  indicated  in  Plate  XXIV,  Fig.  1.  The  principle  of 
inwrapping  centripetal  deflection  with  little  or  no  axial  movement  until 
the  outlet  discharge  is  reached  is  one  of  the  special  characteristics  of 
the  Eddy  jets.  Thereby  is  gained  an  intense  rotation  at  the  discharge, 
and  a  broad,  fine  spray  therefrom. 

The  velocity  of  rotation  produced  in  these  nozzles  is  remarkably  rapid, 
as  exhibited  by  experimenting  with  one  having  a  glass-faced  chamber 
to  show  the  action  within. 

The  single  round  excurrent  orifice  is  the  largest  possible  for  the  quan- 
tity of  fluid  thrown,  and  hence  is  less  liable  to  choke;  yet  it  is  still  bet- 
ter  in  the  Eddy  jets  proper  from  the  fact  that  the  intense  rotation  does^ 
not  permit  a  solid  flow  of  fluid  ftom  the  outlet,  but  only  a  hollow  jet  im- 
emitted,  which  allows  the  hole  to  be  larger  than  the  body  of  fluid  pass^- 
ing  through  it.    If  the  face  has  much  thickness  the  outlet  hole  througlv- 
it  should  have  its  margins  beveled  on  one  or  both  sides  to  give  a  broaderr' 
spray ;  also  if  it  expand  gradually,  like  the  flare  of  a  bugle,  adhesion 
the  thin  film  of  water  passing  out  against  its  circumference  spreads  th^ 
liquid  much  wider.    And  again,  if  the  bevel  or  flare  is  such  that  the  out^^ 
let  is  narrowest  at  its  inner  commencement,  or  if  this  edge  project  some^-^ 


CENTRIFnGAL  NOZZLES.  213 

what  sharply  into  the  chamber  as  well  as  into  the  beginning  of  the  out- 
let passage,  there  will  be  less  liability  to  clogging. 

While  clogging  seems  redaced  to  a  minimum  in  these  nozzles,  in  view 
of  the  fact  that  any  nozzle  may  be  filled  with  rubbish,  a  removable  fkce, 
cap,  or  plug  in  combination  with  the  rotation  chamber  is  used  for  those  ' 
of  the  small  size,  but  the  necessity  for  cleaning  need  not  occur  if  proper 
attention  is  given  to  straining  with  devices  such  as  are  described  else- 
where in  this  report 

The  advantage  of  using  only  a  single  entrance  to  a  nozzle  is  easily 
seen.  One  large  orifice  for  the  given  volume  of  water  to  be  thrown  is 
less  likely  to  choke  than  two,  each  of  half  its  capacity.  '  On  this  account, 
and  in  order  not  to  increase  friction,  more  than  one  inlet  should  not  or- 
dinarily be  used.  But,  on  the  contrary,  most  of  the  rotation  nozzles  that 
bave  been  put  upon  the  market  have  at  least  two  inlets,  and  sufier  from 
dogging  more  than  twice  as  much  as  they  otherwise  would.  To  avoid 
the  same  impediments  it  is  also  desirable  to  have  the  inlet  or  inlets  as 
straight  as  possible  and  eccentrically  parallel  to  a  tangent  to  the  out- 
side of  the  rotation  cavity;  yet,  a  curve  is  not  specially  objectionable 
in  this  passage  if  it  be  in  the  direction  of  rotation,  as  shown  in  Plate 
XXVI,  Fig.  4,  for  it  then  may  serve  rather  as  an  auxiliary  thereto. 
The  best  form  of  inlet  is  the  straight,  tangentially  inserted  tube  or  pas- 
sage in  the  circumference  of  the  rotation  cavity,  and  this  appears  in 
niost  of  these  new  rotation  nozzles,  as  in  Plates  XXIY  and  XXY.  But, 
on  the  contrary,  every  centrifugal  nozzle  that  I  have  been  able  to  find 
in  the  trade  depends  on  some  objectionable  form  of  entrance  passage, 
retarding  the  motion,  liable  to  choke,  or  with  passages  with  difficulty 
^Koessible  for  cleaning  out.  It  should  be  remembered  tiiat  a  crook  equiv- 
alent to  a  right  angle,  by  its  resistance,  causes  over  one-third  more  la- 
l>or  at  the  force-pump  as  wasted  energy,  or,  inversely,  with  the  same 
power  at  the  pump  not  two-thirds  as  much  spraying  power  at  the  noz- 
zle will  result. 

An  entrance-tube  at  an  angle  with  the  axis  of  the  chamber,  but  tan- 
gential to  the  outside,  gives  an  advantage  by  adapting  the  spray  for 
sprinkling  from  beneath  upwards  or  from  above  downwards,  while  it 
s^es  well  for  broadcast  throwing  also ;  and  it  should  be  observed  that 
in  these  nozzles  which  at  present  seem  most  preferable  for  poisoning 
cotton  from  beneath,  the  tangential  entrance-tube  stands  about  at  right 
^gles  to  the  axis  of  the  spray.  At  the  same  time,  the  nozzle  does  not 
Pi^ject  upwards  to  auy  marked  extent  above  its  feed-pipe,  and  hence 
^not  catch  upon  the  plants  under  or  against  which  it  is  drawn.  On 
the  other  hand,  the  long  barrel-nozzles  cannot  be  used  for  this  purpose, 
^)^<^se  they  form  a  hook  or  angular  projection,  which  would  hang  upon 
*e  plants. 

Certain  variations  of  these  characteristics  already  given  will  be  pre. 
•^ted  in  the  examples  to  be  described  further  on,  which  show  the  con- 
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strnction  and  what  now  seems  the  best  combinations  of  the  parts  of  some 
of  the  nozzles  of  this  group. 

First  we  may  notice  a  nnmber  of  eddy-jets,  as  involving  the  principles 
which  seem  the  best  for  poisoning  the  fields,  and  which  are  the  only  nozzles 
*  suited  for  applying  poison  properly  to  the  nnder  surfaces  of  the  foliage. 
In  all  these  the  rotation  chambers  and  the  inlets  and  outlets  of  the  same 
are  essentisdly  of  the  kinds  already  described,  but  we  need  to  examine 
a  few  styles  selected  and  illustrated  to  show  particularly  some  of  the 
details  of  construction,  form,  and  size. 

Fig.  1,  Plate  XXIV,  presents  a  plan  view  of  one  of  the  larger  typical 
eddy-jets  as  cheaply  made  of  thin  sheet-metal.  The  spout,,  a,  is  shown 
in  section  to  its  inlet-discharge,  x.  The  arrows  indicate  the  course  of 
theflaid  through  the  chamber,  c,  and  fcom  its  central  outlet-discharge,  s. 
The  whorl  of  tangents  is  intended  to  show  the  plan  of  dispersion  of  the 
spray  which  flies  off  from  the  margins  of  the  outlet,  8.  A  plan  section  of 
the  chamber,  o,  is  shown  also  in  Fig.  1,  where  x  marks  the  eccentric  inlet 
and  one  arrow  shows  the  current  of  water  entering  from  the  spout,  a, 
while  another  gives  an  idea  of  the  angle  of  tangential  discharge  from 
the  outlet,  8.  If  desired,  the  side  of  the  chamber  might  be  furnished  with 
an  opening,  closed  by  a  lid,  cap,  or  plug.  The  orifices  are  so  large  that 
clogging  and  cleaning  out  will  hardly  be  necessary  in  nozzles  of  this 
size;  but  when  these  are  reduced  for  small  sprays  suited  to  spraying  the 
under  surfaces  of  small  plants,  a  means  of  opening  the  chamber  to  clean 
it  out  had  better  be  provided.  A  nozzle  of  this  pattern  is  very  cheap, 
and  in  the  size  indicated  will  throw  a  remarkably  large,  fine  spray  for 
broadcast  work,  varying  according  to  the  force  applied ;  but  with  a  com- 
mon syringe  pump  or  hydronette  the  single  jet  is  easily  spread  30  feet 
wide  and  distant.  Nozzles  of  this  general  style  seem  to  be  the  best  for 
spraying  either  above  or  beneath. 

To  get  extremely  large  and  broad  sprays  the  orifices  may  be  increased. 
As  in  Plate  XXIY,  Fig.  2,  the  capacity  of  the  inlet,  Xy  may  equal  the 
caliber  of  its  spout,  a,  and  the  jet-hole,  «,  may  be  much  larger,  leaving 
only  a  very  narrow  margin,  o,  to  represent  the  excurrent  face.  With 
such  an  outlet  the  angle  of  dispersion  is  very  much  wider  and  the  widest 
sprays  for  broadcast  throwing  can  be  made. 

But  for  all  ordinary  purposes  there  is  no  need  of  making  the  nozzle 
of  such  large  size.  Indeed,  the  very  small  size  shown  in  Plate  XXV,  Fig. 
4,  gives  a  very  large  spraj'^  well  suited  for  broadcast  work.  A  plan  sec- 
tion of  the  same  is  shown  also.  In  both  figures  a  marks  the  spout,  x 
its  eccentric,  tangential  inlet  to  the  chamber,  o  e,  and  8  the  outlet.  The 
chamber  is  formed  in  a  removable  plug,  c,  inserted  into  the  cap,  which  is- 
fixed  to  the  spout,  a.  The  tangential  inlet  perforates  both  the  plug  and 
the  cap,  while  the  central  outlet  perforates  the  cap  only. 

A  nozzle  of  the  same  style,  but  with  a  smaller  outlet,  is  represente<l> 
in  Plate  XXV,  Fig.  2.  This  and  those  in  Figs.  1,  3,  and  6  wUl  exhibits 
what  are  suitable  standard  sizes  for  small  jets  to  throw  poison  upward 
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beneath  the  plants.    In  all  these  the  same  letters  indicate  corresponding^ 

parts,  and  it  should  be  noticed  that  in  the  last  three  the  outlet  is  through 

the  large  end  of  the  hollow,  cup-shaped  plug,  while  it  is  beveled  so 

deeply  that  the  inner  edge  is  sharp.    If  this  edge  is  made  to  project  a 

little  into  the  chamber,  it  will  be  still  more  free  from  clogging.    These 

jets  will  receive  attention  again  further  ou  as  combinations  in  several 

machines.    While  they  are  the  best  for  poisoning  the  under  surfaces  of 

plants,  there  are  some  others  which  might  bo  substituted  for  the  same 

purpose  and  work  well  enough  to  be  worthy  of  a  notice  in  this  connec* 

tiOQ. 

Whistl£-4£TS. — We  have  introduced  another  spraying  principle  in 
what  we  call  whistle-jets^  examples  of  which  will  now  be  noticed. 

Plate  XXIV,  Fig,  7,  shows  an  eddy-chamber  nozzle,  with  a  peripheral 
discharge,  ^,  from  the  chamber,  c,  which  is  closed  by  a  removable  lid,  plug, 
or  cap,  and  has  a  supply-pipe,  ax.  The  axis  of  the  chamber  is  prefera- 
bly at  a  right  angle  with  the  axis  of  the  spout,  a,  and  the  diameters  of 
these  two  parts  are  about  equal.  But  the  tangential  inlet-hole  from  the 
spoat  through  the  wall  of  the  chamber  is  smaller  than  the  caliber  of 
the  spoat  and  is  situated  close  to  that  side  which  is  marked  x.  The 
spray  is  discharged  at  right  angles  to  the  spout,  and  may  be  directed 
horizontally  or  vertically  (upwards  or  downwards).  The  internal  work- 
ing and  manner  in  which  the  spray  is  generated  can  be  better  under- 
stood by  reference  to  Plate  XXIV,  Fig.  6,  which  represents  a  plan  sec- 
tion of  a  nozzle  having  the  same  internal  arrangement,  though  with  the 
diameter  of  the  rotation  cavity,  c,  much  greater  iu  comparison  with  that 
of,  the  spout,  a,  a  disproportion  advisable  in  very  large  nozzles  of  this 
kind.  The  arrows  show  the  general  course  of  the  fluid  or  powder  blast, 
and  it  will  be  seen  that  the  ingoing  current  is  made  to  bend  around 
to  cot  through  itself  to  some  extent  in  order  to  get  out  through  the 
Mat«.  This  internal  colliding  on  the  intercepting  of  the  outgoing 
and  ingoing  parts  of  the  current  causes  the  two  to  cut  each  other  up 
into  a  fine  spray,  discharged  at  s.  It  is  preferable  to  make  the  excur- 
rent  hole  have  its  side  toward  x  depressed  lower  than  the  opx^osite  side. 

This  intersection  principle  we  have  already  seen  as  applied  in  slot- 
nozzles  in  the  foregoing  pages  and  in  Plate  XVI.  The  confliction  of 
two  streams  ontside  of  a  nozzle  we  have  already  noticed  in  Plate  XV, 
^%  5,  and  iu  descriptions.  But  one  superiority  of  the  present  method 
<>^er  these  is  very  evident.  The  discharge  hole  being  single  may  have 
more  than  twice  the  capacity  of  either  one  of  the  pair  of  outlets  in  the 
others  referred  to,  hence  there  is  less  possibility  of  choking.  Because 
o^'this  and  on  account  of  one  current  stopping  the  other,  half  of  the  time 
^th  a  rapid  succession  of  intervals,  the  outlet  can  be  twice  as  large  as 
*^it  threw  a  continuous  jet,  and  larger  still  because  the  jet  thrown  is  not 
*  solid  one,  but  already  broken  considerably  before  passing  through  the 
outlet.  Thus,  since  only  a  fraction  of  the  capacity  of  this  hole  is  used  by 
the  volume  of  liquid  thrown,  the  hole  may  be  two  or  more  time^  larg^ 
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than  for  continuous  solid  jets  with  the  spray  produced  externally.  Clog- 
ging is  also  further  relieved  by  the  ingoing  jet  being  forced  strongly 
across  the  inner  face  of  the  outlet,  tending  to  carry  past  it  any  obstruct- 
ing matters,  to  keep  them  in  motion  in  the  eddy  within,  as  already  no- 
ticed with  the  slot-nozzles  having  interval  rotation.  And,  here  again,  as 
there,  a  projectile  or  a  body  whirling  on  its  axis  may  be  used  inside, 
operated  by  the  current  to  wipe  away  or  disintegrate  bodies,  which 
would  lodge  upon  the  outlet. 

Nozzles  made  on  these  principles  can  be  applied  as  uose-pieces  to 
screw  onto  the  ends  of  blast-pipes,  and  dischaige  at  an  angle,  or  they 
may  be  formed  to  throw  the  spray  directly  ahead  in  the  direction  of  the 
pipe.  In  Plate  XXVI,  Fig.  4,  is  presented  a  plan-section  of  this  pat- 
tern in  a  shape  it  may  possess  either  as  a  nose-piece  or  as  an  entire  noz> 
zle.  The  spout,  a,  is  purposely  made  very  short.  It  is  attached  tangen- 
tially  to  the  shell  of  the  chamber,  c,  from  whicb, «,  is  the  discbarge.  In 
the  chamber  a  partial  septum  or  wall  terminating  at  x  to  Ueep  the  fluid 
from  entering  the  rotation-chamber,  until  it  is  conducted  around  to  where 
it  will  sweep  across  the  inner  face  of  the  outlet, «.  This  septum  may  \m 
immediately  inside  the  outer  shell  or  inside  of  an  inner  shell,  forming  a 
hollow  shut-off  plug  as  shown. 

These  whistle-jets  work  well  on  blast- atomizers,  and  also  produce  a 
fair  spray  of  liquid,  but  for  the  latter  pnri)ose  it  is  yet  uncertain  if  they 
can  be  made  to  produce  a  spray  equal  in  fineness  to  what  is  thrown  by 
the  true  eddy-jets  with  central  discharge. 

Eddy-jets  proper,  as  a  general  rule,  have  the  chamber  of  a  circular^ 
form,  and  the  jet- hole  ought  to  bo  at  the  center  of  rotation,  which  may^ 
vary  in  some  instances  from  the  center  of  the  nozzle.  The  supply-stream, 
X,  in  the  figures  already  seen,  naturally  crowds  the  eddying  mass  an 
its  center  of  rotation  somewhat  toward  the  side  opposite  the  inlet, 
swell  can  be  made  on  one  side  of  the  chamber,  as  shown  in  Plate  XXIV 
Fig.  3,  at  iT,  to  throw  the  en<  ranee  of  the  supply-stream  outside  of  a  tan 
gent  to  tbe  true  circle  of  rotation,  which  is  bonnvled  by  the  body  of  th 
chamber,  but  the  advantages  from  this  are  not  so  great  as  to  preve 
the  simpler  circular  form  from  being  most  generally  used. 

A  similar  feature  appears  in  the  nozzle  shown  as  seen  from  above  an 
in  profile  in  Plate  XXV,  Fig.  7.    The  chamber  has  a  spiral,  conoid  coi 
tour,  resembling  the  form  of  a  cone-shell,  but  with  a  central  apical  di 
charge.    The  dotted  line  shows  the  inwindiug  course  of  the  basal  m 
of  its  side,  which  leaves  a  trifacial  inlet- passage  on  the  side,  x,    T 
spout,  a,  has  one  end  of  trifacial  shape,  and  of  a  size  to  fit  the  cham 
which  is  partly  inserted  in  its  end,  and  joined  to  it  in  the  line,  x — s.    T 
spray  produced  is  of  good  quality,  but  is  thrown  narrower  and  fart 
than,  yet  not  so  fine  as,  from  the  flat-faced  chambers.     Neverthel 
where  the  squirting  power  is  only  the  gravitation  from  an  eleva^. 
reservoir,  or  is  otherwise  limited,  cases  can  occur  where  the  given  p 
sure  does  not  give  or  throw  fine  spray  high  enough,  and  nozzles  of 
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fonn  may  be  used  to  eject  the  spray  higher.    AlsOy  the  fnnnelshaped 

cavity  directs  any  chokino:  materials  to  the  ootlet,  rendering  it  more 

likely  to  clog  than  is  the  orifice  thnragh  a  flat  face.     The  top  or  base 

may  be  opened  by  a  lid,  ping,  or  cap  for  removing  foreign  objects  that 

obstroct.    The  constmction  and  plan  section  shown  at  Plate  XXV, 

¥1g.  6,  is  very  satisfactory.     The  spont,  a,  has  the  nsnal  eccentric  en* 

tnmce^  x,  into  the  conical  chamber,  c,  having  an  outlet,  «,  and  being 

foimed  in  the  ping,  e,  removable  fri>m  the  cap,  c,  which  is  fast  to  the  pipe, 

•^    Where  the  chamber  is  conical,  thi;  more  its  altitade  exceeds  the 

diameter  of  its  base  the  more  coarsely,  fartber,  and  narrowly  will  the 

spray  be  thrown,  and,  inver8el3',  the  more  the  ba$al  width  surpasses 

the  height  the  broader  and  finer  and  less  distant  will  the  spray  discharge, 

as  shown  by  my  experiments  with  a  series  of  these  forms.    Rounded 

convexity  or  concavity  of  the  discharge- face  does  not  give  to  the  spray 

any  very  marked  difference  from  that  derived  from  a  plane  face,  because 

the  part  immediately^  bordering  on  the  outlet  in  such  forms  is  almost 

flat.   Another  form  of  nozzle,  having  a  shallow  funnel-shaped  face  pro- 

jeetiog  into  the  rotation  cavity,  seems  less  easily  clogged  than  either  of 

the  others. 

For  some  apparatuses  it  is  desirable  to  have  nozzles  discharging  at  odd 
angles,  or  with  direct  discharge,  and  often  with  solid  jet  combinations ; 
beoce,  some  of  those  which  have  been  made  for  such  purposes  will  be 
described. 

When  it  is  desired  to  use  a  single  large  japray  projected  straight  away 
from  tbe  person  holding  the  nozzle,  the  device  given  in  Plate  XXVI,  Fig. 
1?  is  satisfactory.  It  is  an  eddy-chamber  with  a  handle,  and  represented 
in  section.  The  incurrent  spout,  a,  connects  with  a  hose,  and  opens  by 
tbe  Qsnal  tangential  hole,  x,  into  the  chamber,  c,  which  is  composed  of 
tbe  bellow  plug,  c,  and  the  separate  discharge-face,/,  held  upon  the  open 
^"d  of  the  plug  by  the  cap,  &,  from  which  the  crown  is  cut  out  so  as  to 
'eave  only  a  narrow  border  to  bind  down  the  face-plate.  This  plate  is 
'^Oiovable,  and  others,  with  outlets  of  different  sizes,  are  substitutive 
^^r  it,  to  get  sprays  of  all  sizes  desired.    The  outlet  here  shows  lips  of 

*  form  deserving  special  attention.    It  is  seen  to  have  a  bugle-shaped 

^^creasing  expansion,  by  which  a  broader  spray  can  be  made  than  by  a 

^^ight  cut  hole,  as  explained  above.    The  base  or  plug  has  its  center 

^rforated  by  a  large  screw  on  the  handle,  v,  and  which  can  have  its  end 

Viewed  toward  or  against  the  outlet  to  limit  the  volume  thrown,  or  en- 

^ii^ly  close  the  outlet,  and  thus  serve  as  a  shut-off  plug. 

In  the  examples  so  far  given  we  have  observed  the  inlet  spout  inser- 
^^^d  parallel  to  the  plane  of  the  face  or  base  of  the  nozzle,  but  it  is  some- 
^iines  advantageous  to  insert  it  at  an  angle  with  this  plane  and  either 
^xi  the  fece  or  base  or  periphery.    Plate  XXIV,  Fig,  4,  showd  one  with 

^lie  spout  inclined  diagonally  upward  from  the  outer  part  of  the  face. 

This  spout  prolonged  makes  a  very  convenient  long  handle  for  holding 

*  single  nozzle  so  as  to  discharge  vertically  beneath  plawta. 
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When  the  spoat  is  similarly  attached  on  the  base,  as  in  Plate  XXI V, 
Fig.  6,  the  spray  is  directed  oflf  from  the  person  holding  it,  which  may 
be  preferable  for  broadcast  spraying. 

The  nozzles  so  far  described  can  be  used  independently  or  as  nose- 
pieces  on  solid-jet  hose-pipes  or  other  spouts.  In  Plate  XXY ,  Fig.  5,  a 
represents  a  common  solid-jet  hose-pipe  with  an  eddy -chamber  screwed  on 
as  detachable  nose-piece.  In  such  cases  it  is  well  to  have  a  nib  on  the  side 
of  the  pipe,  onto  which  to  screw  and  carry  the  end  piece  when  the  solid 
jet  is  in  use.  The  nose-piece  with  side  discharge  will  generally  be  pre- 
ferred, since  it  can  be  also  use(f  for  underspraying  or  as  a  fountain  jet, 
as  well  as  for  broadcast  work.  For  these  reasons,  also  on  account  of  its 
simplicity  and  freedom  from  choking,  and  because  it  makes  with  any 
given  pressure  a  finer  spray,  it  can  be  recommended  as  superior  to  all 
the  other  spray-combinations  in  solid  jet  nozzles.  In  case  such  an  eddy- 
chamber  nose-piece  with  direct  discharge  be  desired  for  any  purpose  it 
is  supplied  in  what  I  call  the  double-cone  nozzle  or  double-chamber  nozzle 
shown  in  Plate  XXXIX,  Fig.  2,/.  Its  internal  construction  is  similar 
to  what  is  shown  in  Plate  XXVI,  Fig.  2,  and  describecl  below,  but  iiiith- 
out  the  adjustability  which  is  not  needed  in  a  nose-piece  since  the  hose- 
pipe has  a  shut-off  plug.  Another  pcNut  worth  attention  is  that  these 
nose-pieces  can  be  used  without  a  solid-jet  nozzle  by  inserting  the  short 
inlet-tube  in  the  end  of  a  piece  of  hose  and  applying  a  simple  wire  wrap. 

Examples  of  other  methods  of  combining  rotary  spray  chambers  with 
the  solid-jet  hose-pipes  should  be  noticed.  In  Plate  XXYI,  Fig.  3,  is  a 
longitudinal  section  of  a  solid -jet  pipe,  ajj  with  a  shut-off  plug,  ft.  The 
passage  n  through  the  plug  stands  now  at  right  angles  to  the  pipe  and 
shuts  off  the  solid  jet,  but  it  may  be  seen  that  the  wall  of  the  plug  is  cut 
away  at  i,  opposite  one  end  of  the  hole,  n,  to  form  an  excen  trie  inlet, «,  from 
a  to  n  and  to  the  interior  of  the  plug,  which  is  a  hollow  tubular  shell, 
from  end  to  end.  The  lower  end  of  the  plug  is  closed  and  held  by  the 
screw-plug  ^,  but  the  upper  end  has  the  eccentric  tangential  passage  x 
into  the  eddy -jet  chamber,  forming  its  head  or  thumb  piece  and  serving 
as  a  spraying  device.  This  chamber  has  the  construction  already  de- 
scribed, with  its  spray,  9,  operating  in  the  direction  of  the  solid  jet  when 
the  latter  is  closed.  The  water  from  the  spout,  <7,  enters  taugentially 
through  the  passage,  i,  and  rotating  inside  of  the  hollow  plug,  h^  asceuds 
through  the  tangential  inlet, a?,  to  rotate  in  the  chanil>er,  e,  and  discharges 
as  a  spray  from  the  outlet,  s.  When  a  spray  is  not  wanted  the  hollow 
plug  of  the  eddy-chamber  is  turned  a  little,  so  that  the  inlet,  x,  does  not 
coincide  with  its  mate,  the  shell-inlet.  Another  shift  sometimes  of  ad- 
vantage is  made  thus:  The  solid  plug,  e,  and  the  hollow  plug,  /,  being  of 
the  same  size,  are  interchangeable,  so  that  the  latter  may  be  used  to  throw 
from  the  base  of  the  plug  and  at  rightaugles  to  the  pipe  a  spray  for 
spraying  the  under  surfaces  of  plants,  or  such  that  it  can  be  set  upward 
anywhere  as  a  fountain.    This  gives  a  better  spray  than  that  from  the 
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top  of  the  plag,  since  the  latter  has  more  crooks  in  its  sapply  passage 
and  hence  reqnires  more  fyce  to  prodace  the  same  effect. 

The  following  throw  both  kinds  of  jets,  but  have  no  right-angle,  dis- 
charge.   The  a4jastable  parts  of  one,  involving  an  eddy -jet,  are  shown 
in  Plate  XXVI,  Fig.  2.    The  eddy-chamber,  c,  is  without  an  immediate 
spoat,  but  has  an  inwinding,  peripheral  wall,  leaving  the  inlet,  a?,  and  a 
mach  depressed  side  from  a?  to  c.    Its  discharge  is  at «,  and  on  its  oppo- 
site axis  may  be  fixed  a  packing  and  shut-off  plate,  j.   There  are  several 
variations  in  the  construction  of  this  whole  arrangement,  but,  as  shown 
here,  the  eddy-chamber  is  really  a  spiral  septum,  and  its  side  toward  9 
has  DO  wall  but  that  of  the  outer  cap,  c,  against  which  it  is  held  by  the 
water-pressure  upon  its  base,  j.    Thus  it  is  inclosed  in  another  chamber 
fonned  by  the  cap,  c,  haviuga  correi<ponding discharge,  and  beng  screwed 
upon  the  hollow  plug,  e,  which  has  a  central  inlet,  a.    The  inner  rim  of 
this  plug  is  shown  to  have  preelections  which  hook  upon  corresponding 
processes  of  the  basal  margin  of  the  eddy -chamber,  o.    The  opposite 
passages,  a  and  «,  match  each  other,  as  do  the  two  opposite  screw-sock- 
ets, u^.     These  parts  being  the  same,  they  are  reversible,  so  that 
either  end  may  be  used  in  turn  as  inlet  or  discharge.    When  w  is  used 
as  a  hose-socket  8  is  the  spray  outlet,  or  a  solid-jet  pipe  may  be  screwed 
into  the  socket,  w'.    And,  inversely,  w'  may  serve  for  a  socket,  while 
the  jet  is  thrown  from  the  opposite  end.    In  this  case  the  internal 
nmprojections  should  interlock  inversely. 

The  operation  of  this  device  may  be  explained  as  follows :  Supposing 
tbewateris  injected  ata,  it  passes  across  through  the  inlet,  a?,  to  eddy  in  the 
cliainl)er,  c,  and  discharges  as  a  spray,  at  s.  Screwing  the  cap,  &y  farther 
OD  the  part,  e,  the  eddy  chamber  and  its  base  piece,  j,  are  pressed  toward 
or  against  the  inlet,  a,  as  a  shut-off,  to  close  it  and  stop  the  jet  entirely 
or  lessen  it^  volume  to  any  degree  desired.  On  the  other  hand,  screw- 
ing off  the  cap,  &y  until  the  face, «,  is  carried  away  from  the  hanging  cham- 
^r,  c,  the  water  takes  the  less  circuitous  course,  j  c  «,  across  the  out- 
side of  the  eddy-chamber,  and,  without  whirling,  issues  as  a  solid  jet. 
By  another  arrangement  in  the  same  nozzle  the  solid  jet  is  passed 
straight  through  the  center  of  the  base  of  the  eddy-septum  at  j;  but 
niftoy  details  cannot  be  described  here.  The  inlet  passage  being  simple 
dod  of  good  size,  there  is  little  susceptibility  to  choking  in  the  nozzles 
described  above,  and  the  parts  are  separable,  so  as  to  be  easily  accessible 
for  cleaning  out.  A  cheaper  construction  for  this  nozzle  can  be  bad  by 
mug  can-screw  caps  and  the  other  parts  all  of  sheet-metal.  All  the 
iffft'cu  are  about  the  same  except  the  shut-off  adjustment,  which  for 
force-pump  nozzles  is  usually  not  needed. 

'Sphere  are  also  other  moditications  and  combinations  of  the  eddy- 
^jhamber,  but  I  have  noticed  enough  for  the  puiposes  of  this  report. 

FiSTULAB. — Several  Fiatular  SpraynozzleM,  known  as  hose-pipes  or 
^rrel  nozzles,  that  may  alternately  produce  both  kinds  of  jet  from  the 
same  barrel,  have  been  patented,  but  the  fact  is  that  the  attempts  to 
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combiDe  a  spray  and  solid  jet  Id  the  same  nozzle  have  resulted  in  con- 
structions  which  are  injarioas  to  one  or  botUbf  the  jets ;  yet  it  may  be 
well  .to  notice  briefly  what  has.  been  done. 

One  of  the  simplest  barrel  nozzles  for  spray  and  solid  jet  combined 
was  patented  (So.  29994)  January  31, 1860,  by  Mr.  N.  Hotz.  The  bar- 
rel is  of  two  segments  joined  by  a  "pipe  nut  allowing  the  rotation  of 
either  segment  upon  its  own  axis  and  independent  of  the  other.  The 
ends  are  both  closed  at  their  juncture,  each  having  a  diaphragm  thereat 
perforated  by  two  corresponding  holes.  The  proximal  septum  is  pre- 
ferably of  leather.  When  the  parts  are  turned  so  that  the  holes  are  ex- 
actly superposed  one  upon  the  other  the  liquid  passes  through  in  two 
streams,  which  immediately  meet  to  form  a  solid  jet;  but  when  these 
holes  overlap  only  slightly  the  currents  through  them  are  rendered 
somewhat  diagonal,  and  they  join  to  form  a  spiral  stream  that  gradually^ 
disperses  as  a  spray  of  rather  coarse  quality.  When  turned  so  that  the 
holes  do  not  overlap  each  other  at  all,  the  passages  are  entirely  shut  off! 

A  hose-pipe  operating  on  the  same  principle  is  that  claimed  by  Mp. 
P.O'^eil,  of  Kalamazoo  Village  and  County,  Michigan,  No.  219505,  Sep- 
tember 9, 1879. 

Messrs.  J.  Clifford  and  J.  Gielow  in  1877  (No.  191934),  Mr.  J.  Clifford 
again  in  1880  (229521),  and  Messrs.  J.  H.  Johnson  and  F.  A.  Hoyer  in 
1881  (No.  237386),  all  of  Chicago,  111.,  patented  nozzles  having  some 
form  of  core  or  septum  movable  back  and  forth  to  shut  off  either  ooe 
or  both  of  the  two  kinds  of  jet.    The  water  is  diverted  around  this  care 
to  enter  the  barrel,  which  discharges  it  as  a  spray  or  solid  jet.    Two  or 
more  eccentric  inlets  to  the  barrel  introduce  in  it  the  rotation.    A  sing^le 
inlet  would  be  preferable,  as  I  have  already  observed.    The  lack  of  a 
central  passage  through  the  core,  as  an  unobstructed  way  for  the  solid 
jet,  is  an  obstacle  to  both  jets,  but  mostly  to  the  solid.    A  nozzle  hav- 
ing this  same  objection  and  a  single  crooked  passage  for  both  jets  was 
patented  by  Mr.  W.  M.  Clarke,  of  Newark,  N.  J.,  in  1881  (No.  248555), 
which,  as  nowmade,  is  illustrated  in  longitudinal  sectionin  Plate  XXVI, 
Fig.  5.    The  piece,  n,  turns  snugly  in  the  shell,  Zy  and  is  held  therein 
and  prolonged  by  the  piece,  w.     There  is  no  direct  passage,  but  all  the 
water  must  pass  around  the  septum,  j,  through  the  course,  xrx'.    The 
ends  of  this  arched  passage  are  shown  as  communicating  fully  with  tb6 
holes,  X  X.    In  this  position  a  solid  jet  passes  through  \  but  when  the 
outer  shell  is  turned  so  that  the  holes  mentioned  only  coincide  by  ob^ 
half  their  area  or  le^s,  the  discharge  into  their  barrel,  $  «,  is  eccentric, 
and  causes  a  rotary  spray  of  fair  quality,  the  volume  of  which  can  be 
graded  by  turning  farther  or  less. 

Most  rotary  spray-pipes  that  have  come  to  my  knowledge  use  a  cross 
plug.  Three  of  these,  one  patented  by  Mr.  J.  W.  McGaffey,  of  Chicago, 
111.,  in  1870  (No.  170753),  one  by  Mr.  J.  H.  Johnson,  of  Chicago,  in  1877 
(No.  198515),  and  another  by  Mr.  J.  W.  Gray,  of  Hartford,  Conn.,  in 
1878  (No.  203539),  have  a  so-called  "  3-way  plug,"  having  a  large  hole 
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for  the  solid  jet  and  two  smaller  ones  with  crooked  passages,  which 
oondnct  the  water  into  the  barrel  in  such  an  eccentric  manner  as  to 
cause  rotation  and  a  resnltant  spray.    The  narrow  crooked  passages 
are  easily  clogged  and  not  readily  cleaned  except  in  the  case  of  the 
one  last  mentioned,  which  is  pictured  in  section  in  Plate  XXYI,  Fig. 
6.  Tlie  ping  hole,  c,  directly  connects  the  hose  passage,  a,  with  the 
barrel,  i — «,  except  wh^i  tnmed  in  the  position  shown,  where  the  spiral 
grooves,  e  e,  give  the  eccentric  spray  streams.    These  grooves  being 
cot  entirely  in  the  plug,  any  accumulations  in  them  will  be  pulled  out 
with  the  plug  when  it  is  removed  for  cleaning,  which  gives  some  ad- 
vantage over  the  others.    This  is  the  plan  of  the  so-called  <^  Faery 
pipes"  which  are  now  for  sale  by  the  trade.    Mr.  John  Gielow,  of  Chi- 
cago, lil.,  patented  in  1877  (No.  187123)  a  hose-nozzle  producing  the 
rotation  by  a  spiral  worm-passage  through  the  center  of  the  plug 
above  and  at  right  angles  to  its  smooth  bore,  which  does  not  appear  to 
hare  any  special  advantages. 

Mr.  G.  B.  Hosford  patented  in  1881  (No.  237684)  a  hosepipe  having 
beyond  the  plug  an  annular  stationary  core  with  an  objectionably  com- 
plex, eccentric  course  for  producing  rotation  and  choking. 

Sprat-wheels. — Spray- wheels  form  a  group  of  very  different  cen- 
trifogal  water-throwers  including  several  fountain  jets  constructed  on 
&e  principles  of  Barker's  mill  and  as  oblique-faced  spatter-wheels  all 
moved  by  the  force  of  the  jet,  but  none  of  these  have  proved  of  prac- 
tical value  for  our  present  purposes. 

Allied  to  these  are  the  centrifugal  machines  operated  by  power  and 
noticed  hereafter  as  brush -throwers,  whirling- reels,  fans,  and  toothed 
^8  in  the  groups  of  throwers  of  poison,  &c. 


n.— CEHTAIFUOAL  THBOWEBS. 

[Plate  XXVII.  ] 

In  this  section  I  present  ^ome  resul  is  of  my  study  and  experimentation 
Pertaining  to  the  use  of  rotary  brushes,  reels,  &c. 

The  sprinklers  and  dusters  in  this  group  are  driven  by  hand-power  or 
^chinery,  and  thus  originate  the  motion  of  the  poison,  which  receives 
Ao  other  impulse.  These  should  not  be  confounded  with  wheel -nozzles, 
*Jnong  centrifugal  nozzles,  where  the  motor  power  was  already  imparted 
to  the  poison  before  it  reached  the  wheel,  which,  instead  of  giving  mo- 
tion, only  somewhat  retards  and  deflects  that  of  the  poison,  and  this  by 
Its  impact  operates  the  wheel  from  which  it  flies  oft*.  The  devices  here 
to  be  noticed  throw  the  poison  by  rotating  tubes,  reel  prongs,  brushes, 
^recesses. 

Among  these  the  brush-throwers  promise  most.  They  are  not  so  lia- 
^  to  dog  as  are  the  common  sifters  and  many  punctured  sprinklers. 
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Yet  these  in  torn  are  surpasaed  by  the  blowers  treated  in  the  foIlo\ 
chapter. 

BoTATBD  ORIFICES. — If  a  tube  supplied  \vith  water,  even  witl 
water  pressure,  be  whirled,  the  centrifugal  force  will  cause  the  watc 
flow  through  it  and  fly  off  from  its  distal  end  in  the  form  of  a  circi 
broadcast  spray.  The  devices  I  have  contrived  to  test  the  possibi 
of  utilizing  this  principle  show  that  it  can  be  used  for  coarse  sprinkl 
and  that  sprays  may  thus  be  easily  thrown  25  or  30  feet  wide. 

Pronoed  reels. — ^When  liquid  is  allowed  to  flow  onto  the  axis  • 
groupof  radiating,  whirling  prongs  of  wireor  other  material,  a  centrift 
action  appears  in  the  fluid  following  the  prongs  causing  it  to  fly  off  f 
their  extremities,  thus  pro«lucing  a  circular  shower.  As  such  reels 
stifl:  brushes  grade  into  each  other,  they  may  be  noticed  further  undei 
following  paragraph. 

Brush  poison-throwers. — If  a  brush  of  any  sort  be  supplied  i 
fluid  or  dry  poison,  and  its  bristles  be  sprung,  their  elastic  recoil 
parts  a  centrifugal  force  to  the  material  which  will  be  thrown  in  a  sp 
Also  if  a  cylindriform  brush,  or  one  of  any  other  shape,  be  rotated 
idly,  the  centrifugal  force  will  disperse  the  poison  fed  to  it,  whether 
bristles  be  sprung  or  not.  Utilizing  these  principles  some  mach 
have  been  constructed  which  promise  much,  and  will  be  described  I 
after.  The  following  kinds  of  fiber  have  been  tested  to  get  their  i 
tive  values  in  brushes  for  this  purpose:  1,  broom  corn;  2,  stout  brisi 
3,  tampico;  4,  so-called  sea-root;  5,  spintered  woods;  6,  split  g 
quills;  7,  whalebone;  8,  coarse  hemp;  9,  wire. 

Any  of  these  answer  for  sprinkling  or  powdering  from  above,  i 
where  plants  are  very  low,  for  poisoning  from  beneath ;  but  where  p6 
is  to  be  thrown  from  below  upwards  into  plants  as  tall  as  cotton, 
more  stiff  and  longer  fibers  answer  best.  Broom-corn  proves  the  i 
satisfactory  for  throwing  powder  on  account  of  its  length,  stren 
elasticity,  and  cheapness.  In  these  brushes  the  straws  or  bristles  sh< 
not  be  inserted  densely,  but  ought  to  have  plenty  of  room  to  flex 
recoil  freely.  A  very  good  size  for  the  brush  is  7  inches  diameter 
4  or  5  inches  in  length. 

Very  s*:out  hog-bristles  worjc  well,  but  are  almost  too  expensive.  1 
throw  a  flner  spray  than  broom  corn,  but  not  so  far.  Also  the  mois 
destroys  their  stiffness  and  elasticity  more  than  that  of  the  com. 

Tampico  brushes  throw  powder  and  liquid  nicely,  but  the  fiber  is 
durable  enough.    It  loses  strength  and  breaks  off  or  wears  out  too  s 

The  so-called  sea-root  brushes  work  only  tolerably  well.  The  m 
rial  is  as  strong  as  broom-corn  and  somewhat  similar  in  appearance, 
its  fiber  has  not  the  length,  stiffness,  and  elasticity  of  the  latter. 

Quills  from  geese  or  other  fowls  will  also  answer.  They  should 
split  in  halves,  or  thirds,  or  quarters,  and  inserted  with  shellacked  i 
into  a  cylindrical  wooden  core  or  hub.  The  quills  soften  greatly,  f 
being  wet,  and  hence  lose  their  stif&iess  and  straightness  very  soc 
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split  very  slender.    Altogether,  they  cannot  be  regarded  as  equal  to 
blie  better  materials  mentioned  above. 

Whalebone  is  in  all  its  properties  similar  to  the  qnills  and  far  too 
Esostly  for  use. 

Coarse  hemp  from  untwisted  ropes  is  very  cheap,  and  though  much 
inferior  to  com  for  large  brushes  it  works  pretty  well  in  small  brushes 
ftud  will  probably  be  employed  in  them  to  a  considerable  extent. 

Ordinary  broom  wires  (1°"™  diameter)  arranged  sparsely  into  a  brush 
ivith  the  tips  about  1  inch  apart  throw  a  very  fine  spray. 

This  and  steel  wire  and  broom-corn  are  the  materials  which  now 
8eem  to  be  preferable  above  the  others  named  for  use  in  these  brushes. 
Rattan,  bamboo,  and  splintered  woods  can  be  employed,  but  they 
have  not  yet  been  found  very  satisfactory. 

As  a  rule  brushes  having  considerable  velocity  of  rotation  throw  a 
spray  better  and  farther  when  the  bristles  are  not  sprung.  If  the  bris- 
Ues  become  permanently  curved  from  being  continually  sprung  in  one 
diiection  the  brush  may  be  turned  end  for  end  to  reverse  the  bristles, 
and  then  when  rotated  in  the  same  direction  it  will  work  better  than 
ever.   Brushes  of  some  materials  often  need  to  be  changed  thus. 

GyliDdriform  brushes  of  suitable  shape  are  made  and  sold  for  brush- 
ing horses  and  polishing  fine  metal  work  by  the  Stow  Flexible  Shaft 
Co.,  No8.1505  to  1509  Pennsylvania  avenue,  Philadelphia,  Pa ,  and  prob- 
ably by  others  also.  But  such  brushes  made  by  the  usual  process  of 
drawing  tufts  of  the  fibers  or  bristles  into  holes  in  a  hollow  core  or  hub, 
which  is  afterward  plugged,  are  very  expensive  and  a  still  worse  feat- 
^  is  that  they  caunot  be  made  with  a  small  core. 

Small,  even.bmshes,  with  symmetrical  tbrm,  are  made  best  and  most 
economically,  as  in  Fig.  2  of  PL  XXVII :  In  a  cylindrical  solid  core  turn 
out  deep  cir  cular  grooves  separated  by  narrow  rings  of  wood.  The 
%r  is  looped  under  a  wire,  whichis  wrapped  tightly  in  each  groove, 
^d  drawn  through  a  saw-cut  across  to  the  next  one,  &c.  The  brushes 
^  thus  made  in  the  simplest  and  quickest  manner,  and  the  price  is  a 
^all  fraction  of  what  the  old-process  brushes  cost. 

Soft  brushes  for  cleaning  glasses,  pitchers,  &c.,  are  already  manu- 
Stared  on  the  similar  plan  of  drawing  bristles  into  spiral  grooves. 
^nt  by  this  method  the  ends  of  the  brush  cannot  be  made  square. 

The  bristles  of  the  brushes  should  be  very  sparse.  If  they  are  not 
l^r  apart  the  water  is  lifted  and  thrown  in  masses  which  have  adhered 
^^^ween  them.  Also  the  greater  the  velocity  of  rotation  the  fewer 
^nst  the  bristles  be.  When  quite  high  motion  is  used,  a  very  few,  in- 
^^ited  with  shellacked  pegs  into  awl-holes  in  a  wooden  cylinder  will  ans- 
wer. Home-made  brushes  are  easily  constructed  on  this  plan,  and  it 
^  aa  easy  method  where  spring  wire  is  used  instead  of  fiber. 

The  rotating  brush  may  be  fed  with  liquid  by  allowing  it  to  drip  from  a 
^^teall  tube  onto  either  the  periphery  or  axis  or  side ;  but  usually  the  most 
tiafactory  and  convenient  method  is  to  supply  the  liquid  within  the 
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circumference  on  the  ascending  side.  TLe  objection  to  feeding  at  the 
center  is  that,  on  account  of  gravitation,  the  spray  is  thrown  more  down- 
ward than  upward,  whereas  the  ascending  side  entirely  opposes  gravita- 
tion, and  throws  off  the  material  before  it  is  carried  around  to  where 
gravity  can  pull  it  off  downward. 

If  the  brush  be  rotated  in  a  cylindrical  trough  supplied  with  the 
fluid,  the  latter  is  dipped  out  and  thrown  in  too  great  volumes,  unless 
the  quantity  in  the  trough  be  kept  at  just  such  depth  that  too  much 
cannot  be  caught  and  lifted.  To  keep  thus  a  constant  shallow  sup- 
ply in  the  trough  it  may  be  fed  by  the  automatic  drip  process,  such  as 
is  employed  in  automatic  inkstands,  &c.  A  tube  from  an  air-tight 
liquid  reservoir  descends  into  the  trough  near  to  its  bottom.  The 
height  of  this  drip  orifice  gauges  the  depth  of  the  liquid ;  for  when  enough 
flows  to  submerge  this  outlet  air  cannot  enter  it  to  press  the  liquid  out, 
and  only  after  the  brush  has  thrown  out  enough  to  lower  it  can  more 
air  enter  and  the  liquid  again  flow  to  the  same  level. 

This  process  is  a  little  more  difficult  and  complicated  than  the  free 
drip  method,  in  which  the  trough  may  or  may  not  be  used.    In  the  latter 
method  the  amount  thrown  is  gauged  by  the  size  of  the  smallest  caliber* 
of  the  feed  spout. 

Brushes  rany  also  be  used  as  feeders  or  throwers  of  powder.    They 
may  be  u^cd  on  sifters,  to  keep  their  small  passages  open  and  help  rattle 
the  powder  through  them.    Also  a  brush  may  be  worked  in  a  powde] 
reservoir  or  hopper  to  feed  out  the  powder  upon  plants  or  into  a  bias! 
from  a  blower,  to  be  swept  thereby  to  the  substances  being  injured  hy^ 
insects. 

These  brushes  will  throw  powder  to  some  distance  and  in  an  excel  — 
lently  diffused  cloud,  but  quite  fine  powder,  like  flour,  &c.,  cannot 
thrown  very  far  through  the  air,  because  the  particles  are  so  small 
to  have  little  momentum,  and  soon  become  stopped  by  the  resistance  o: 
the, atmosphere^  but  coarser  powders,  like  com  meal,  sand,  &c.,  ar^ 
thrown  a  much  greater  distance  by  the  same  force.  Tetin  either  cas^ 
much  more  distance  can  be  attained  by  encasing  the  rotary  brush,  or 
reel,  or  wheel,  in  such  a  manner  that  it  may  act  as  a  blower,  and  throve 
a  blast  of  air  along  with  the  powder.  The  stronger  the  blast  the  farthef 
the  powder  will  be  thrown,  and  the  coarser  the  powder  the  sooner  wii1> 
it  fall.  In  these  respects  it  is  seen  that  the  thrower-discharge  is  th^ 
opposite  of  the  blower-discharge. 

Some  machines  involving  the  use  of  brushes  need  to  be  noticed  hei^-» 
Plate  XXYII,  Fig.  1,  represents  in  plan  section  a  brush-machine  of  sin*.  ^ 
pie  construction,  and  illustrates  a  method  of  encasing  rotary  brushes  to 
fed  by  powder  or  liquid,  and  in  order  to  throw  the  same  by  the  elasticit;. 
of  their  bristles  springing  firom  beneath  a  surface  against  which  th^^^ 
are  revolved. 

The  cylindriform  brush  d,  turns  (in  the  direction  indicated  by  tto< 
arrow)  in  a  trough  open  on  the  side,  «,  and  bears  the  square  powder- 
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Pj  above.    The  bottom  of  the  can  is  perforated  like  a  grate  with  parallel 
Rlits,  through  which  the  bristleM  act,  at  x^  to  feed  out  the  powder  and  to 
carry  it  around  to  «,  where  tbey  spring  from  under  the  catch,  o,  to  throw 
it  forth  in  a  cloud.    The  broader  the  slits  in  the  base  of  the  hopper  the 
faster  will  it  feed,  and  the  amount  to  be  used  can  h%  gauged  by  their 
\ridth,  which  will  vary  some  for  the  different  kinds  or  mixtures  of  pow- 
der.   The  base,  x,  of  the  powder- can  or  hopper,  P,  may  be  attached  only 
at  one  side,  and  there  by  a  hinge,  so  that  the  brush,  in  rotating  against 
it,  will  cause  it  to  shake,  and  thus  help  the  feeding  process.    Also  a  stiff 
part  may  .be  added  to  the  brush,  or  its  axle,  to  jar  said  base  more  effect- 
ually at  each  rotation. 

These  devices  are  superior  to  x)erforated  sifters,  since  they  do  not 
clog,  while  they  throw  a  wider  cloud.  Also  they  may  be  used  to  throw 
powder  upward,  but  not  to  a  great  height,  for  in  this  respect  they  are 
inferior  to  the  blowers.  This  method  is,  however,  applicable  to  poison- 
ing cotton,  potato-vines,  &c.,  and  worthy  of  being  used  in  simple  and 
compound  machines.  Brushes  arranged  in  the  same  way  will  throw  a 
spray  of  water,  which  may  be  fed  as  described  elsewhere.  The  most 
satisfactory  of  these  ways  is  to  have  it  drip  from  a  si>out  without  the 
automatic  process. 

If  the  elasticity  oi  the  fibers  is  to  be  used,  they  should  be  sparse  and 
turn  slowly.  If  the  throwing  is  to  be  done  by  the  centrifugal  force 
arising  from  rotation  (which  does  better  thnn  by  the  elasticity),  the 
velocity  of  rotation  should  be  high  (1,000  revolutions  per  minute  or 
niore).  The  brushes  rotated  at  2,000  revolutions  per  minute  made  such 
a  breeze  that  powder  and  liquid  could  not  be  fed  onto  them  at  the  cir- 
<!Qniference.  This  was  remedied  by  a  circular  disk  of  sheet  metal  placed 
on  each  end  of  the  brush,  and  having  the  same  diameter,  to  prevent  the 
air  from  feeding  into  the  brush  by  central  suction  at  the  ends.  Also, 
^th  high  viclocity,  the  fibers  should  be  exceedingly  scattered  and  of  the 
^ffest  sort  By  this  method,  stiff  wires,  inserted  so  their  points  stand 
^bont  one  inch  apart,  form  a  reel,  which  works  better  than  the  com- 
'^tushes. 

Mr.  L.  N.  Wisewell,  of  Ottawa,  Ontario,  Canada,  patented  a  brush 

Machine  in  1878  (No.  211075),  and  which  is  illustrated  in  Fig.  3  of  PI. 

f^VII.    As  shown,  it  possesses  a  form  adapting  it  to  poisoning  potato- 

''^  ^ects ;  but  with  some  alterations  a  machine  on  similar  principles  might 

^^  constructed  for  poisoning  cotton.    A  wheelbarrow  is  used  as  the 

*^ctor  and  carrying  device.    The  friction  wheel, »,  on  the  spring  arm, 

^>  is  held  against  the  side  of  the  barrow  wheel,  being  rotated  thereby, 

^il  communicates  its  motion  through  its  mandrel,/,  pulley,  J,  and  itR 

It,  ky  to  pulley,  I,  and  its  axis,  c,  bearing  the  arms,  b  6,  which  act  as 

^<Sitators  to  keep  the  poison  mixed  in  the  tub-shaped  reservoir.    The 

^^<)nid flows  out  through  a  cock,  g,  and  its  hose, ji,  into  the  semicylin- 

^^cal  cups,  F.    In  these  cups  are  the  rotary  brushes,  n,  made  to  whirl 

**^  the  band,  A-,  driven  by  a  rim  on  the  barrow  wheel.    The  whirling 
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brushes  throw  the  poisoned  liquid  as  a  spray  from  the  cups.  I  have 
not  seen  the  operation  of  this  machlDe,  but  judge  from  a  similar  device, 
arrived  at  independently  and  experimented  with,  that  it  contains  a 
principle  which  in  a  modified  form  will  be  of  some  value  in  poisoning 
cotton-insects. 

The  following  statement  should  be  appended  here.  In  speaking  of 
the  means  of  applying  Paris  green  in  water  to  the  cotton  crops,  Dr. 
George  E.  Gillespie,  of  Natchitoches,  La.,  reports: 

**  The  mode  of  applying  it  difiers  according  to  the  means  of  the  planter 
using  the  poison.  Many  persons  make  brooms  of  mayweed  {Aniliemis 
'Cottila)y  which  are  handy  and  very  convenient ;  others  use  the  common 
garden  watering-pots." — Bull.  No.  3,  p.  125. 

Rotated  recesses. — These,  in  the  ends  or  sides  of  rotated  bodies, 
unay  be  used  to  throw  liquids  and  powders  in  a  centrifugal  manner. 
Where  such  devices  whirl  very  rapidly.it  is  difficult  to  feed  them  satis- 
iiictorily  upon  the  periphery,  and  I  found  of  most  value  a  sheet-metal 
funnel  with  internal  radiating  septa.  This  is  roUited  rapidly  while  sup- 
plied inside  with  a  dripping  stream. 

After  devising  and  using  simple  apparatuses  to  test  the  spraying 
powers  of  rotary  throwers  of  the  various  kinds  noticed  in  thi  *  chapter, 
I  concluded  that  another  class  of  machines  was  superior,  and  henc^ 
stopped  the  study  of  such  throwers  to  take  up  that  of  blowers,  which, 
follows. 

in.— BL0WEE6  OF  P0I60V. 

Poisonous  gases,  vapors,  liquids  or  powders,  as  insecticides,  can 
applied  by  means  of  various  blast-discharging  or  blowing  devices,  an 
examples  of  apparatuses  for  such  purposes  will  be  noticed  below. 

ROTARY  BLOWERS  OF  POISON. 
[Platea  XXVIT,  XXVIII,  XXIX.  ] 

In  order  to  show  the  efficiency  of  rotary  fans  for  blowing  poison 
^designed  several  different  styles,  including  simple  machines  to  be  worl 
by  hand,  as  well  as  a  compound  one  for  horse-power.    Most  of  th< 
rmade  and  tested  proved  successful. 

The  power  required  to  drive  one  of  these  fan-blowers  is  so  slig" 
that  the  lightest  band-wheels  and  gears  will  answer,  and  when  O] 
iited  by  hand  only  the  slightest  effort  is  necessary.'   The  velocity  needi 
'is  rapid,  yet  not  exceedingly  high,  but  should  preferably  equal  o 
thousand  revolutions  or  more  per  minute.    The  difficult  part  of  tl 
problem  pertained  to  the  devising  of  a  practical  method  of  feedi  ^mJg 
powder  or  fluid  by  a  regular  and  gauged  supply  in  small  quantity  itJ^ 
the  blast  in  the  encasement  or  spouts  of  such  blowers,  and  to  the  pro- 
duction of  suitable  distributors  to  deliver  the  laden  blast  upward  Mo 
the  plants  in  a  simple  and  efficient  manner.    With  reference  to  the  kind 
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of  material  to  be  blown,  these  machines  may  be  noticed  under  two  heads; 
(1)  Rotary  fans  far  blowing  powders  and  (2)  Rotary  fans  for  blmcing 
fluids. 

The  band-blowers  shown  in  Plate  XXVIII,  Fig.  1,  and  those  in  Plate 
XXVII,  Figs.  5  and  6,  have  proved  the  most  satisfactory  that  I  have 
devised.*  Of  those  invented  by  others,  none  have  yet  proved  to  be  very 
practical  or  snccessfhl  for  field  nsage.  My  experience  indicates  that 
the  oscillating  bellows  blowers,.with  the  improvements  described  below, 
are  preferable  to  rotary  fans,  bat  that  the  latter  may  yet  take  a  high 
rank. 

Rotary  fans  fob  blovting  powder. — In  considering  these,  it 
mast  be  remembered  that  the  poisons  are  commonly  mixed  with  other 
powders  as  diluents,  some  of  which,  as  flonr  for  example,  refuse  to  flow 
readily,  and  pack  together  over  the  hopper  outlet  to  clog  it.  so  that  an 
arrangement  for  feeding  these  more  difficult  substances  as  well  as  the 
poisons  proper  is  necessary.  The  various  forms  of  hoppers  used  in  ma- 
chinery are  not  satisfactory  for  the  slightly  adhesive  or  cohesive  sub- 
Btances  which  it  has  generally  been  found  desirable  to  ase.  If  a  hopper 
has  an  inclined  or  horizontal  perforated  base,  even  with  a  very  large 
hole,  or  if  its  sides  are  not  vertical,  but  sloping,  flonr  will  not  slide  down 
and  out  in  a  steady  satisfactory  manner,  even  when  subjected  to  the 
ordinary  jolting  of  a  machine  hauled  upon  the  ground.  A  simple  hop- 
per that  I  have  contrived  for  dry  poisons  and  their  mixtures,  to  feed  any 
ftmoant  desired,  and  to  do  it  regularly  without  clogging,  is  represented 
in  plan  sections  in  Plate  XXVIII,  Figs.  1,  2,  and  3. 

In  these  Figs,  it  will  be  seen  that  the  hopper,  p^  is  represented  by 

&  hermetic  can  mounted  on  the  blower-drum,  dj  or  discharge  pipe,  i. 

^e  top  is  closed  tight,  and  may  be  opened  by  the  large  screw-cap  or 

P^,  0,  or  by  a  large  tight-fitting  lid.    Its  sides  are  preferably  vertical, 

^  shown,  and  the  base  is  entirely  open,  as  at  x.    Beneath  the  open  base 

y^i  still  larger  than  the  same,  is  a  hanging  base  or  roof,  &,  suspended  at 

^  ends  by  bolts,  each  through  a  short  tube,  t,  and  with  a  thumb-nut 

•iH)ve  by  which  to  elevate  or  lower  it.    Whether  this  be  suspended  in 

^^e  upper  part  of  a  blower-dram  or  of  a  spout,  the  blast  can  act  at  its 

^^es  and  above  it  along  the  slot-like  openings  where  the  powder  rests 

^^posed.    The  mass  of  powder  and  its  hanging  base  can  be  set  deeper 

^^  less  deep  into  the  blast  passage,  thus  choking  it  more  or  less  and 

'^Creasing  or  diminishing  the  attritional  power  and  wearing  surface 

^hence  the  blast  feeds  itself.    As  the  mass  of  powder  thus  tends  to  be- 

^^me  nndermine4  more  and  more,  it  sinks  without  clogging  or  interrup- 

^on  down  onto  tlTe  hanging  base,  which  may  be  flat  or  bent  throughout 

^t'  at  its  margins.    It  can  also  have  small  perforations,  slotted  or  other; 

^tit  the  simple  imperforate  plate  is  satisfactory  enough,  and  will  proba- 

^^y  prove  the  best  and  standard  form  to  use.    So  it  will  be  seen  that  by 

siting  the  base  nearer  or  farther  from  the  powder-blast  the  quantity 

^^  be  gauged,  and  since  flour  adheres  to  the  straight  metal  ^a\\«  oi  ^i!ki^ 
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hopper  leas  than  it  does  to  fionr  while  its  periphery  is  iintlermined,  the 
outside  of  the  eolnmn  of  poison  will  settle  down  best  to  where  the  blast 
can  feed  itself  therefrom.  In  case  dry  poisons  or  mixtures  that  are  not 
adhesive,  and  that  jar  through  the  small  outlet  of  an  ordinary  hopper  too 
ea^ly  are  to  be  used,  their  flow  may  be  regulated  by  a  small  plate  adjust- 
able beneath  the  outlet  and  essentially  on  the  plan  described  above. 
In  such  cases  it  is  sometimes  preferable  to  mount  the  plate  on  a  single 
screw  or  support  opposite  and  working  through  the  blast  in  opposition 
to  the  small  outlet  of  the  hopper. 

Two  other  plans  for  hopper-supply  are  shown  in  Plate  XXVIII,  Figs, 
4  and  5.  These  also  do  not  allow  the  powder  to  gravitate  directly  down- 
ward into  the  blast,/;  but  the  hopper,  P,  is  closed  tight  above  by  a  re- 
movable screw-cap  and  narrows  downwardly.  The  powder  from  its 
lower  part  has  to  be  acted  upon  laterally  by  the  blast,  at  the  point  o, 
in  Pig.  4,  and  downwardly  at  o,  in  Fig.  6,  where  the  lif>pper-throat  cnrvea 
around  to  open  beneath.  In  either  of  these  cases  the  communication^ 
o,  of  the  blast  with  the  powder  may  be  much  elongated  and  can  be  ad> 
justably  opened  or  closed  by  a  slide-plate.  The  latter  or  the  wall  instead 
may  have  an  area  of  many  perforations,  similarly  located,  or  a  slot  ok 
4ot«  for  such  powders  as  feed  too  strongly  by  other  methods.  These 
two  forms  of  hopper  I  do  not  find  so  satisfactory  for  flour  mixtures  as  arc 
the  forms  with  adjnstable  base-slots  previously  noticed  for  feeding 
blasts. 

Finally,  it  should  be  added  that  powder  can  be  fed  by  introdncinif 
in  the  vent  of  the  hopper  a  moving  reel,  or  brush,  or  rod,  as  ha^  been 
shown  in  other  machines,  but  these  add  complications  and  work  less 
satisfactorily  than  the  arrangement  presented  with  the  first  feeder  de^ 
scribed  above. 

The  blower  drum  or  casing  is  preferably  made  lights  of  stout  zioc, 
brass  or  other  sheet-metal.  It  need  not  be  over  a  foot  in  diameter,  and 
had  better  swell  gradually  in  the  direction  of  rotation  to  its  ex-current 
orifice,  as  in  Plate  XXYIII,  Fig.  1,  d,  although  the  true  cylindrical 
form  will  answer.  The  head  of  the  drum  on  one  or  on  both  sfdes  sboald 
have  a  large  central  suction-opening  equal  to  one-third  or  one-balf 
of  its  diameter  and  with  a  stiff  wire  rolled  in  its  margin.  For  making 
a  blast  through  only  one  or  tw«  pipes  the  drum  should  be  very  sbort 
with  the  heads  only  3  or  4  inches  apart.  This  distance  can  be  ronlti 
plied  by  any  number  of  pipes  desired. 

Pipes  for  conducting  the  air  blasts  should  be  round,  smooth,  and 
bright.  Tin  suits  well  when  not  rusty,  but  is  easily,  bent,  unless  of 
heavy  grade.  Zinc  is  preferable,  if  not  acted  upon  by  corrosive  cheDH' 
icals,  as  it  does  not  rnst  from  the  effects  of  atmosphere  and  moistore. 
Oilcloth  spouts  kept  expanded  by  a  spiral  of  wire  18  feet  long  proved 
flexible,  strong,  and  light,  but  too  rough.  Friction  destroys  the  bl^^^ 
of  the  ordinary  rotary  blower  very  quickly.  Crooks  should  also  ^ 
Hvoidedj  and  are  much  more  objectionable  in  pneumatic  blasts  than  ^^ 
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hydraulic  corrents.    If  poBitively  necessary  they  sboal^  be  made  very 
obtuse  and  gradnali  preferably  as  long,  smooth,  regular  curves.     The 
same  caution  applies  to  -branches  or  forks  in  these  blast-pipes.    The 
blast  may  be  divided  to  fork,  as  indicated  in  Plate  XXVII,  Fia:.  4,  xsSj 
and  the  discbarges  may  be  npward  or  provided  with  upward  deflectom 
at  their  terminations.    Forks,  if  long,  should  be  flexible,  yielding  so  as 
not  to  hang  too  badly  on  the  plants ;  but  the  double  deflectors  cam 
be  very  short  and  rigid.    The  deflectors  may  also  be  used  to  spread 
direct  or  divide  the  single  blast.    For  these  purposes  various  patterns 
and  curves  may  be  employed,  such  as  are  shown  in  Plate  XIX,  Figs.  1^ 
2,aad  3,  described  above.    The  forms  in  Plate  XIX,  Figs.  1  and  2, 
are  the  most  satisfactory  I  have  been  able  to  devise  for  use  on  these 
lotary  blowers.    Their  application  is  illustrated  in  machines  presented 
in  Plate  XXYII,  Figs.  4  and  5,^«.    Thus  the  single  blast  discharged  be- 
tween a  pair  of  rows  is  divided  and  spread  laterally  and  upwards  to 
iQpply  both  the  rows.    By  bending  the  wings  of  such  deflectors  or  set- 
ting^ th.em  at  various  angles  the  discharge  can  be  disected  down  or  up, 
or  wherever  desired.    It  is  also  important  that  the  deflecting  surfaces 
be  kept  bright.    ^ 

Light  fans  may  be  made  of  sheet  metal  soldered  to  a  wire  reel  or  sim- 
ply to  an  axle  having  each  end  bung  in  a  strip  of  metal  attached  across 
the  head.    The  axle  bears  a  small  gear  or  pulley  J  to  I  inch  in  diameter, 
dri?eQ  from  a  gear  or  band  wheel  having  six  times  the  diameter,  and 
bearing  a  small  hand-crank  three  inches  long,  by  which  the  necessary 
velocity  in  small  hand  machines  is  easily  attained.    Thus  the  fans  are 
^ly  operated,  requiring  only  the  slightest  amount  of  force  if  all  the 
lurfaces  work  smoothly  and  loosely  as  they  ought.    These  parts  are 
indicated  in  some  of  the  figures  which  may  be  separately  noticed.    In 
Plate  XXYIII,  Fig.  1,  o  is  the  crank,  e  the  drive-gear,  and  n  its  small 
driven  gear  upon  the  fan-axis,  which  is  hung  in  the  support,  r.    The 
radiating  fans  whirl  in  the  drum  or  case,  dd^  sucking  at  a,  and  discharg- 
ing through  the  tangential  exit  spout, ««,  upon  which  is  the  iiowder-can^ 
fe,iDBtead  of  a  hopper,  and  having  a  hanging  base,  6,  adjustable  in 
the  spout,  M,  by  the  screws,  t^,  as  described.    In  Fig.  3  is  a  plaiu  sec- 
tion having  like  parts  similarly  indicated,  the  distinctive  feature  be- 
ing that  the  bottomless  powder-can,  j^co?,  is  mounted  upon  the  drum,  in 
^hich  the  shelf,  6,  hangs.    This  plan  of  construction  is  embodied  in 
^e  machine  of  Plate  XXYII,  Fig.  5.    It  works  well  and  may  yet  super- 
<^e  the  plan  of  joining  the  powder  holders  with  the  pipes.    The  latter 
^achiae  is  suspended  against  the  side  by  a  loop  ov«r  the  shoulder, 
^lie  gearing  is  the  same  as  that  noticed  above,  but  the  spout  is  directed 
downward  to  the  ground  and  backward,  bearing  a  double  deflector  to 
^tipply  the  two  rows  between  which  the  bearer  walks.    The  pipe  may 
*^9khg  or  drag  and  can  be  of  any  suitable  length.    When  the  person  is 
^^alking  the  poison  may  generally  be  freed  very  close  behind  him,  as 
^e  blast  of  the  machine  should  diiect  it  somewhat  backward  and  vrltti 
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force  enough  to  overcome  light  breezes.  If  greater  distance  is  desired 
additional  segments  may  be  inserted.  These  are  easily  keyed  together 
by  a  wire  hanging  inserted  through  the  joints.  By  removing  the 
crooked  segment  or  reversing  it,  the  same  implement  may  be  used  to 
deliver  in  advance  of  the  person  or  in  a  downward,  horizontal,  or  upward 
direction  with  a  single  or  double  cloud.  This  rotary  blower  can  be 
combined  with  a  wheeled  cultivator  and  be  operated  thereby.  Also  a 
series  of  such  blast-spouts  supplied  from  as  many  blowers,  more  econom- 
ically from  a  single  blower  of  large  capacity,  can  be  combined  to  form  a 
compound  machine. 

In  Plate  XXYII,  Fig.  4,  is  one  of  these  compound  machines  which  I 
devised  for  use  with  a  single  horse  and  to  supply  six  rows  or  two  rows 
and  two  half-rows  as  desired.  It  may  yet  prove  practical  to  use  a 
greater  number  of  spouts  and  supply  a  larger  number  of  rows  at  each 
drive ;  but  my  experience  has  only  shown  that  three  such  spouts  can. 
be  practically  used.  This  machine  was  tested  at  Ithaca,  N.  T.,  and 
afterwards  tried  in  the  cotton  near  Atlanta,  G^.  The  thin  tin  of  sucl& 
a  machine  is  apt  to  get  bent  unless  very  carefully  managed.  Stouts 
sheet  metal  should  be  used  for  the  drum  especially.  Many  dents  in  the 
pipes  have  not  proved  seriously  objectionable.  The  whole  is  mounted 
on  an  A-shaped  frame,  zz^  having  three  wheeled  legs,  ttt^  and  is  drawn 
b^  the  shafts  or  whiffletree  in  front.  The  two  lateral  arms  of  the  frame, 
0,  can  be  set  wider  or  nearer  apart  upon  the  cross-bar,  j?,  to  suit  wider 
or  narrower  row-interspaces.  Each  hind  leg  is  a  stout  section  of  irozi 
gas-pipe  (1^7  inches),  screwed  or  welded  to  an  iron  plate  on  its  top, 
which  is.  bolted  to  the  frame.  Its  lower  hollow  extremity  is  moaut^ 
on  a  swivel-pin,  having  an  elbow  extension  backward  to  its  wheel. 
These  swivel  wheels  are  intended  to  prevent  side-draft  strain,  and 
are  especially  of  value  in  turning.  They  need  not  be  large  or  strong, 
as  the  hind  parts  of  the  machine  have  little  weight.  The  front  leg  i 
is  an  arch  of  iron  (3  by  ^  inch),  bolted  above,  beneath  the  apex  of  the 
frame.  Thus  it  is  really  a  double  leg  37J  inches  long.  To  the  sides  arc 
fiEistened  bars,  ^,  extending  forward  to  sux)port  the  whiffletree,  whilf 
to  the  lower  extremities  are  boxed  the  ends  of  the  revolving  axle  of  tli< 
draft- wheel,  tr,  and  its  large  drive-gear,  u.  These  wheels  are  respeot 
ively  30  inches  and  16  inches  in  diameter.  The  latter  drives  a  sias^l 
f3-inch)  pinion  on  the  axle  of  the  large  (I4-iuch)  band-wheel  j,  Thes^ 
are  on  opposite  sides  of  one  leg,  to  which  their  axle  is  boxed.  The  bskxi^ 
\&  of  very  soft,  light  leather,  and  whirls  the  small  (J-inch)  pulley  o  w^tl 
the  fans  on  its  axis  in  the  drum.  The  eads  of  the  casing  are  bilged  t 
give  stiffness,  and  its  outside  should  be  annularly  ribbed  or  othervv^is* 
stiffened  or  encased  for  protection.  The  large  powder-can  upon  it  i 
closed  hermetically  by  a  tight  cap  or  cork.  The  three-way  dlschar^< 
must  be  somewhat  downwards,  and  the  pipes  should  slope  down  more 
and  more  as  they  advance.  It  is  best  to  give  them  a  projectile  carve 
This  is  for  the  purpose  of  keeping  the  powder  toward  the  upper  part  of 
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tbe  hbst  jHid  to  jiigircut  it  from  dq^oadng  in  tlie  pipes^  whidi  sboiild 
tenninate  near  tibe  gnNmd  in  the  muiner  already  described.  Hie  me- 
diui  pipe  deseends  inmediatdy,  but  tbt  tvo  lateral  ones  are  attached 
along  the  skies  c^  the  frame  and  to  the  hind  le^s,  b^ind  which  they 
tenniiiate,  as  shovn.  Such  a  machine  is  vexy  lights  and  a  mole  or  even 
ft  man  can  poll  it  easilj.  Tbe  velocitj  ci  rotation  vill  Taiy  from  ;$00 
to  2,000  revolutions  per  minute,  accoi^ling  to  the  speed  witb  which  it 
ikhaokd. 

^The  following  is  a  machine,  invented  by  Mr.  Charles  T.  Hard,  of  Vic- 
tona,  Tex.  (Patent  Nt>.  145949,  December  30, 1873).  It  is  intended  to  be 
attached  to  a  cultivator  or  similar  machine,  and  is  drawn  over  one  row 
of  plants  at  a  time.  It  consists  of  a  fiam,  or  blower,  mdosed  in  a  cylin- 
diieal  easing,  and  conjoined  with  a  box  containing  the  poison.  The  pow> 
der  is  scattered  over  the  plants  by  means  of  a  vibrating  wire  or  doth 
sieve  at  the  bottom  of  the  box,  and  at  the  same  time  converted  into  a 
ekmd  of  dost  by  a  current  of  air  created  by  the  fan  already  mentioned, 
uid  which  is  operated  by  a  pulley  or  band  running  from  the  axle  of  the 
blower  to  a  wheel  on  the  s>upporting  axle  of  the  cultivator. 

"  In  Plfttc  XXIX,  Fig.  1  repnrseDts  m  seetioDal  eleratioo  of  the  ftppmntos  as  attached 
to  a  cal^ivator,  abowing  one  end  of  the  box  A  partly  brokeD  away ;  Fig,  2,  a  plan 
vier,  with  a  part  of  the  bloirer>box  remoTed ;  Fig.  3,  a  rear  view  of  the  blower-box 
ud  poirder-box  aa  attached  to  the  cultivator  axlea. 

'*A  repreeenta  an  oblong  box,  tapering  to  the  bottom,  which  contains  the  powdered 
poiflon,  having  a  flap  or  door,  /,  on  its  top,  and  opening  at  said  bottom  onto  a  wire 
Kieenor  cloth,  5,  mnning  firom  end  to  end  of  the  box,  which  screen  is  oscillated  length- 
^  sod  across  the  row  of  plants  by  a  lever,  d,  pivoted  on  one  side  of  the  box  A,  au<f 
^ged  at  the  other  end  against  a  rotating  cam,  e,  upon  the  axle  of  the  blower  B. 
^  ^riDg,  /,  keeps  the  lever  engaged  with  face  of  the  cam.  The  blower  B  is  confined 
tiongside  of  the  box  A  in  a  cylindrical  casing,  B',  of  a  common  form,  and  is  mounted 
*^  a  horizontal  axle,  g,  which  ends  in  a  pulley,  h,  opposite  to  another  pulley,  i,  upon 
^  SQpporting  axle  m  of  the  cultivator. 

**  Tbe  box  A  and  the  blower-box  fi  rm  one  whole  box,  and  is  supported  at  either  end 

^y  aims  k  k,  which  are  centered  upon  the  said  supporting  axles  m  m,  for  the  purpose 

^f  allowing  the  box  A  to  be  raised  or  lowered  in  the  application  of  the  powder.    A 

'^tchet  or  brace,  n,  for  this  purpose  extends  from  the  box  A  to  a  convenient  part  of 

^^  cultivator.    The  oriiice  r  of  the  blower-box  opens  parallel  with  or  close  alongside 

^^  the  oscillating  screen  h,  so  that  the  air  current  catches  and  directs  the  powder 

^i^aiDst  the  plants  as  it  is  shaken  through  the  screen  from  the  powder-box. 

*'To  confine  the  powder  to  tbe  plants  and  vicinity,  side  guards  or  hoods  E  E,  of  sheet 
^^^Mtal  or  light  wood,  as  shown  by  the  dotted  lines,  may  be  advantageously  employed, 
^^d  be  attached  to  the  supports  i;  i;  or  other  convenient  part  or  place. 

"A  seat  may  also  be  attached  to  the  arch  p  or  beams  D  D  of  the  cultivator  for  the 
of  the  driver.'' 


'*It  is  evident  that  this  apparatus  neither  saves  material  to  any  great 

Extent  nor  time  in  the  application  of  the  poison,  since  only  one  row  of 

T^lants  is  dusted  at  a  time.    The  only  possible  advantage  it  can  have  is 

^%  so  distributing  the  poison  in  a  fine  dust  that  it  attaches  to  the  under 

^ide  as  well  as  to  the  upper  side  of  the  leaves'^ ;  yet  this  is  not  effected 

^0  well  as  it  will  be  done  by  machines  discharging  the  powder  blast  in 
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an  upward  direction.    The  method  of  feediDg  the  x>owder  to  the  blast 
looks  as  though  it  cannot  prove  satisfactory. 

^^  Some  suggestions  made  by  the  inventor  as  to  the  use  of  his  machine 
for  appl>  ing  vapor  and  fine  spray  of  liquid  poison  will  be  found  men- 
tioned further  on."  • 

Rotary  blowers  of  liquid. — In  endeavoring  to  produce  rotaiy 
fans  for  blowing  poison  fluids  the  most  difficult  part  of  the  problem 
pertains  to  feeding  them  to  the  blast.  Sinc^  a  blower  will  throw  out 
imy  amount  of  fluid  that  is  allowed  to  flow  in,  and  this  as  fast  as  it 
enters,  the  quantity  admitted  must  be  limited  to  only  so  much  as  will 
make  a  spray  of  the  quality  and  size  desired.  Also,  the  less  fluid  th« 
finer  and  farther  will  it  be  blown,  and  if  the  supply  is  too  great  it  will 
be  dipped  out  or  splashed  in  great  masses,  or  very  large  drops,  whick 
are  not  thrown  fur  but  wasted.  To  regulate  or  control  this  three  meth- 
ods prove  applicable.  The  first  is  by  means  of  a  rotary  brush,  as  al- 
ready set  forth  in  speaking  of  brush  sprays.  The  second  consists  in 
reducing  the  orifice  of  the  feed-pipe  from  the*  reservoir  to  such  size 
that  it  will  conduct  just  so  much  as  is  desired  and  no  more;  that  is,  bj 
means  of  a  shutofiT  device  or  a  small  drip,  by  which  the  water  enterc 
the  drum  above  so  as  to  fall  upon  the  revolving  fans,  or  at  some  othei 
point  to  accumulate  in  the  bottom  of  the  drum  and  be  dipped  up  b^ 
them.  The  third  principle  is  that  employed  in  automatic  inkstands 
but  applied  on  a  larger  scale.  The  reservoir  is  air-tight,  closed  by  s 
can-screw  or  plug.  Its  outlet  is  near  its  base,  and  extends  through  s 
tube  leading  into  the  bottom  of  the  drum,  where  the  fluid  asm  flow  ii 
only  just  deep  enough  to  shut  off  the  entering  of  air  into  that  end  o: 
the  tube,  while  air  will  be  admitted  and  the  fluid  pass  out  only  so  fasi 
as  the  latter  is  lifted  out  by  the  fans. 

To  prevent  eaeh  fan  from  scooping  up  too  much,  also  to  divide  tb4 
water  mechanically  and  ventilate  it  thoroughly,  the  dipping  ends  shouU 
be  provided  with  long  comb-like  teeth.  The  best  results  are  secure* 
by  bending  each  alternate  tooth  forward  or  backward  at  its  base,  thae 
to  make  a  double  row,  and  then  bend  forwar  1  nearly  at  a  right  an^ 
the  distal  half  of  each  of  all  the  teeth.  This  arrangement  of  the  teet 
is  shown  in  Plate  XXVII,  Fig.  6, »,  and  is  explained  below. 

The  fans,  by  their  rotation,  give  the  fluid  a  tangential  momentan 
but  the  air  current  is  a  very  important  element,  as  I  have  shown  ^ 
using  toothed  reels  without  fans  on  them.  They  are  only  equivalents  i 
rotary  brushes,  which  are  here  surpassed  by  introducing  the  superadds 
blowing  power  of  the  fq,ns. . 

The  outlet  from  the  drum  should  be  large.  In  case  it  be  low  do^ 
upon  the  side,  many  drops  will  fall  from  or  near  it  and  the  water  ma 

*  To  avoid  much  repetition  of  reference  to  BaUetin  3,  U.  8.  Entomological  Com 
mission,  the  first  edition  of  this  work,  Prof.  Bamatd's  credit-references  to  sa^'<^ 
Bulletin  are  omitted,  so  that  all  quoted  matter,  unless  otherwise  credited,  is  tak^ 
therefrom,— -C,  V.  K, 
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ak^  oat  dighdj.     To  preveot  tius  %  hdlow  lip  may  be  added,  as  ia. 
Fif^.  ^  to  catch  the  lower  part  of  Uie  spray  and  allow  it  to  flow  back. 

Inthefigure  just  cited  this  airangementy  A,  and  the  drum  d  are  shown 
in  section.  The  spray-disduunge  being  at  «,  the  heavier  part  of  the 
spray  is  lowest,  and  passes  into  the  hollow  lip,  k^  thence  flowing  down- 
Yaid  to  re-enter  the  base  of  the  dmm  at  x,  where  the  constant  depth 
of  water  is  indicated  by  horizontal  broken  lines,  and  j  shows  the  water- 
inlet,  above  which  the  wat^  cannot  rise  in  the  dmm.  At /is  shown 
the  peculiarity  of  one  of  the  fans.  Its  end,  »,  is  seen  to  be  provided 
with  teeth  or  hooks,  which  alternate  in  two  rows,  and  each  has  its  dis* 
tal  kalf  bent  forward  at  right  angles  to  the  fian.  These  cut  through 
the  liquid,  allowing  the  blast  to  enter  it,  and  they  also  cot  up,  splash, 
lod  carry  some  of  the  liquid  which  is  blown  out  at «  by  the  blast  firom 
the  face,/,  passing  outward  through  these  teeth  or  hooks. 

A  single  drum  may  have  two  outlets,  one  near  each  end,  and  so  throw 
two  sprays  at  different  angles;  but  the  outlet  farthest  in  the  direction 
of  rotation  should  be  much  the  largest,  to  give  an  equal  spi*ay,  as  shown 
in  one  blower,  which  I  planned  for  this  purpose. 

Unfortunately,  my  exjierience  shows  that  a  rotary-blower  blast  carry- 
ing a  fluid  spray  cannot  well  be  divided,  or  have  its  direction  changed, 
by  pipes  or  deflectors,  because  its  impact  against  any  surface  that  would 
^ter  its  course  condenses  the  spray  there,  so  that  it  is  left  from  the 
blast  and  flows  down. 

It  is  easy  to  use  these  machines  for  sprinkling  in  a  horizontal  direc- 
tion or  from  above,  bat  to  throw  up  underneath  the  foliage  of  low  plants 
they  must  be  carried  very  close  to  the  ground. 

There  ar£  various  ways  of  conveying  and  operating  these  blowers,  and 
%e  following  machine  will  serve  as  au  example: 

Mr.  D.  E.  Darnell,  of  Masonville,  Burlington  County,  New  Jersey, 

b^  lately  obtained  a  patent,  No.  234304,  March  14,  1882,  on  a  rotary- 

t>lower  apparatus,  for  distributing  insect  poison  and  fertilizers,  that 

Merits  attention  in  this  connection.    It  appears  in  Plate  XXVIII,  Figs. 

^  and  7,  and  consists  of  a  barrel,  a,  rotary  agitator,  c,  a  rotary  blower, 

•S  with  a  belt,  «,  and  train  of  gears,/,  a,  i^,^*,  driven  by  the  rotary  axle, 

**»  of  a  pair  of  wheels  that  carry  the  whole  machine,  which  is  drawn  by 

^^iie  horse  in  shafts.    By  a  clutch  the  main  wheels  are  released  from 

^wiving  the  gears  to  throw  the  apparatus  out  of  action. 

It  may  be  seen  that  the  reservoir  has  the  arrangement  of  a  common 

horizontal  barrel  churn,  and  the  rotary  dasher,  c,  inside  is  driven  by 

^^gwheels,  /,  e.    The  gear,/,  also  comninuicates  through  gear,  j,  its  axle, 

^-i  the  pulley,  /,  and  band, «,  to  drive  the  rotary  fans  of  the  blower,  n.    A 

^upply-tube,  tj  leads  from  the  reservoir  to  the  blower-case,  which  it  en- 

^^rs  at  the  horizon  of  its  axle.    A  cock,  t,  adjusted  by  the  crank  seen 

^bind,  regulates  the  outflow.    The  blower  is  so  hung  by  the  parts  j?,  g, 

^t  that  its  discharge-pipe,  Fig.  7,  w,  may  be  thereby  directed  somewhat 

^P  or  down  or  laterally.    No  new  principle  in  the  blo^wei  pio^ex  ^le^m^ 
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^  to  be  indicated.  The  novelty'  apx>ear8  to  consists  chiefly  in  the  ad- 
justable arrangement  of  the  blower,  and  in  its  means  of  combination 
with  the  barrel,  agitator,  and  carriage  wheels. 

"  Mr.  Charles  T.  Hurd,  of  Victoria,  Tex.,  whose  machine  for  dusting 
has  been  described  and  figured  on  Plate  XXIX,  Figs.  1,  2,  and  3,  sug- 
gests in  his  claim  that  by  changing  the  oscillating  screen  b  and  insert-  — 
ing  a  perforated  bottom  in  the  box  A,  and  charging  the  same  withaa 
poisonous  liquid,  the  latter  may  be  atomized  by  the  current  of  air  orig-- 
inated  by  the  blower,  and  thus  applied  to  the  low  of  plants  over  whicbr 
the  apparatus  is  drawn." 

This  is  virtually  the  combination  of  a  rotary  blower  with  a  many-punctri 
ured  sprinkler,  and  the  recognized  faults  of  the  latter  have  been  already 
given  in  discussing  the  disadvantages  of  many-punctured  nozzles  froc^ 
their  clogging,  &c.  The  blasts  from  rotary  blowers  are  not  inten^^ 
enough  to  be  valuable  for  atomizing.  From  the  construction  shown  i« 
this  machine  it  is  evident  that  the  spray  from  the  perforated  screen b 
would  be  carried  by  the  blast,  but  not  that  the  blast  would  atomize  it 
finely;  also,  the  downward  course  of  the  spray  is  not  suited  for  reaclj- 
ing  the  under  surfaces  of  the  foliage. 

^^  Finally,  in  this  connection,  it  is  well  to  state  that  Mr.  Hurd  sug- 
gests that  with  some  slight  change  his  machine  can  be  converted  into 
a  vaporizer,  so  as  to  throw  a  jet  of  poisonous  vapor  on  the  plants. 

"Another  rotary-blast  vaporizer  "  was  invented  by  Dr.  M.  Perl,  of 
Houston,  Tex.  (Patent  No.  91,365,  June  15, 1869),  for  the  purpose  of  de- 
stroying the  worms  by  means  of  sulphur  vapor,  and  consists,  in  tlic 
main,  of  a  gas-generator,  which  is  placed  on  a  cart  j  intended  to  be  drawu 
between  two  rows  of  cotton,  and  provided  with  a  firebox  and  a  blower 
worked  by  means  of  a  pulley. 

"  The  accompanying  diagrams,  Plate  XXIX,  Fig.  4,  represent  this  ma- 
chine, the  upper  figure  being  a  vertical  section  and  the  lower  a  side 
elevation. 

''Upon  the  wagon  A  is  placed  the  gas-generutor  B,  coDsistlng  of  a  fire-box,  c,  sept- 
rated  from  lower  part  of  the  generator  by  a  concavo-convex  bottom  &. 

''To  the  upper  chamber  D  of  the  generator  is  attached  one  end  of  the  blower  or  bel- 
lows £.  This  bellows  is  provided  with  a  bhaft,  d,  npon  which  are  secured  meUl 
wings,  df, 

*'  On  one  end  of  the  shaft  d  is  attached  the  cog-wheel  0,  gearing  into  the  cog-wbeel 
e'y  secured  to  the  wa^on  wheel  G.  The  other  end  of  the  shaft  is  provided  with  a  craul^i 
/,  which  is  attached  to  upper  end  of  pitman  i,  the  lower  end  of  this  pitman  being  *^' 
tached  to  the  pedal  /t,  secured  to  pendant^i  h'  h'f  attached  to  the  underside  of  the  ax^^ 
tree  H.  G"  is  a  hose,  with  a  perforated  nozzle,  m,  and  stop-cock, «,  which  is  attached 
to  the  top  of  the  gas-generator.    M  is  the  chimney. 

''  The  machine  can  be  operated,  when  in  motion  or  stationary,  in  the  following  m*^' 
ner: 

"A  fire  is  made  in  the  fire-box  c,  and  a  certain  quantity  of  sulphur  is  placed  in  the 
gas-generator  B,  in  order  to  form  sulphureous  gas.  The  blower  E  is  set  in  operatiou. 
when  in  motion,  by  the  cog-wheels  e  e*,  and,  when  stationary,  by  detaching  the  cog- 
wheel ef  and  attaching  it  to  the  crank  /. 

^'Tbe  action  of  the  blower  or  bellowB  will  not  only,  furnish  sufflcivnt  air  in  furmu'g 
Bulpbureoaa  gas,  but  it  will  also  force  the  gaA  \>^to\i^  \^aA\LQ«A  \a  ^xs^^  4<s«ied  poiot. 
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"Aside  of  the  circamstance  that  only  two  rows  of  cotton  are  sapplied 
^t  once  with  vapor,  it  is  very  doubtful  whether  the  worms  are  killed  by 
«Qlphar  Tapor  in  the  open  air,  judging  from  its  effects  on  other  insects 
^hen  not  confined." 

Until  some  kind  of  vapor  that  is  practically  effective  fop  application 
in  the  open  air  becomes  discovered,  it  will  not  be  worth  while  to  occupy 
time  and  space  with  vapor-machines  for  such  purposes. 

Force  blast  rotary  blowers  are  made  for  forges,  &c.,  .but  none 
has  been  found  cheap  enough  and  otherwise  adapted  for  poisoning- 
machines.  Should  such  be  made,  they  would  probably  supersede  the 
ordinaiy  rotiiry  fan  blowers,  and,  perhaps,  the  oscillating  bellows. 

OSCILLATING  BELLOWS  BLOWERS   OF  POISON. 

[Platea  XXX  to  XXXV.] 

In  considering  this  group  of  blowers  the  more  important  general  re- 
sults of  my  study  and  practical  experience  with  them  wiU  be  presented 
at  once  and  thereafter  descriptions  of  a  few  of  the  machines.  The  word 
bellows  is  sometimes  applied  to  rotary  fans  and  to  reciprocative  piston 
blowers ;  but  the  common  oscillating  leather  bellows  of  our  forges  are 
examples  of  the  kind  to  be  specially  noticed  in  this  subsection.  These 
are  mach  more  powerful  instruments  than  the  rotary  fans  for  blowing 
powder  into  the  state  of  finely  diffused  clouds,  or  for  blowing  liquids' 
into  atomized  sprays,  while  they  can  also  be  used  to  produce  an  air- 
pressure  in  tight  reservoirs  to  force  out  the  liquid  contained,  whereby 
aatilizable  squirting  power  is  afforded,  but  almost  no  pressure  at  all 
can  be  produced  with  the  rotary  blowers.  Also,  these  are  generally 
preferable  to  the  latter,  because  less  costly,  less  complicated,  and  re- 
qoiring  little  velocity,  while  they  allow  almost  no  waste  of  energy  in  their 
operation,  are  light,  and  their  blast  can  be  conducted  great  distances 
tliroagh  very  small  tubing,  much  less  cumbrous  than  the  large  spouts 
of  the  rotary  blowers. 

Those  specially  interested  in  blowing  poison  should  read  carefully 
^hat  follows  with  reference  to  th§  figures  of  Plates  XXXI,  XXXIII, 
aud  XXXIV. 

A  main  drawback  to  these  bellows  has  been  in  the  difficulty  of  con- 
^tracting  them  to  endure  exposure  to  the  wetness  of  field-work,  but 
^his  matter  is  entirely  corrected  in  the  strong,  cheap  bellows  here  rec- 
<>aimended. 

These  have  the  heads  of  wood  or  sheet-metal  and  about  equal  and 
'funded  in  outline,  while  each  has  a  groove  in  its  periphery,  into  which 
5*ie  stout  leather  is  drawn  tightly  by  thick  nealed  wire.  Thus  the  leather 
^H  held  mechanically  without  needing  paste,  glue,  or  nails,  and  the  bellows 
*3  constructed  more  strongly,  quickly,  and  cheaply.  The  heads  are  pre- 
^<^rably  of  metal,  as  wood  is  apt  to  cause  leakage  from  shrinking  or 
bracks.  There  is  no  seam  in  the  leather,  which  only  overlaps  broadly, 
taking  it  of  double  thickness  to  act  as  a  hinge  on  one  sid^  v7V\e,t^  \Xv!^ 
^^0  heads  of  the  bel  Jo  ws  come  together.    The  incur  rent  on&cfc  *ei.\i(SL  nvj\\^ 
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may  be  made  as  asual.  This  on  the  excarrent  orifice  may  be  thioagh 
either  bead  of  the  bellows^  the  latter  preferably  toward  the  poison  res- 
ervoir. Across  either  head  may  be  added  a  cleat,  which  also  oan  be 
hollow,  with  a  discharge  or  suction  passage,  and  may  extend  beyond  the 
bellows  as  a  spout  or  handle.  A  reacting  spring  to  expand  or  open  the 
bellows  can  be  placed  Inside,  or  else  outside  between  the  projecting  ebds 
of  the  cleats,  spouts,  or  handles.  Some  varieties  of  these  bellows^ 
methods  pf  operating  them,  and  ways  in  which  they  are  susceptible  olT 
being  combined  with  nozzles,  reservoirs,  &e.,  will  be  particularly  noticed 
in  the  special  apparatuses  to  be  described. 

Oscillating.  Blowebs  of  Powdeb.— Instead  of  the  various  hop- 
pers, which  generally  allow  the  poison  to  escape  beneath  the  coyer,  or 
permit  moisture  to  enter  there  when  the  plants  are  wet  or  in  case  of 
rain,  it  is  better  to  employ  a  water-tight  can,  closed  by  a  large  can-screv 
cap  or  plug.  The  can  may  be  of  any  convenient  size  or  shape,  and 
any  other  ordinary  reservoir,  as  4  tight  keg  or  barrel  with  a  large  bung, 
can  be  used  in  its  stead. 

The  device  to  supply  the  blast  with  powder  must  be  certain  to  feed 
continuously  and  adjustable  to  apply  as  much  or  little  as  may  be 
desired,  yet  not  capable  of  clogging.  To  produce  such  an  effectual 
arrangement  for  feeding  minimum  quantities  of  poison  mixed  with 
materials  which  pack  and  clog  easily,  like  flour,  for  example,  was  diffi- 
cult, and  for  a  long  time  threatened  to  be  an  impossibility ;  but  the  prin- 
ciples already  noticed  above  apply  here,  and  their  employment  in  these 
devices  is  descril>ed  below ;  but  it  must  be  remembered  that  the  blast  of 
the  rotary  blower  is  large  and  weak,  while  that  of  the  oscillating  blower 
is  small  and  intense,  so  some  adaptive  modification  is  advisable. 

A  blast  with  an  index)eudent  passage  for  itself  is  made  to  feed  itself 
by  the  attrition  of  its  lateral  parts  or  by  a  side  blast.  Thus  the  blast 
force  is  utilized  to  cut  out  and  carry  the  powder  from  the  mass  where  it  is 
exposed  for  an  area  extended  by  a  slot  or  a  group  of  openings  through 
the  segmented  or  interrupted  wall  between  the  blast  passage  proper  and 
the  reservoir  which  adjoins  or  surrounds  it.  Thus  a  reliable  positive 
feeding  force  is  directed  and  controlled  without  depending  solely  on 
gravitation  or  on  ordinary  mechanical  feeding  devices,  which  will  not 
feed  regularly  in  minimum  quantities.  This  kind  of  apparatus  works 
freely  and  the  direct  unimpeded  blast  throws  the  powder  a  good  dis- 
tance. The  blast  thus  acts  to  open  the  narrow  feeding  entrances.  At 
the  same  time  a  passage  to  deliver  a  part  of  the  blast  or  another  blast 
simultaneously  above  the  poison  to  produce  a  pressure  downward  upou 
it  assists  gravitation,  but  is  not  necessarily  employed,  for,  especially  ' 
where  the  bulk  of  the  poison  is  small,  the  air  will  alternately  and  in-  — 
termittingly  force  up  through  the  poison,  opposing  gravity,  and  theu^^ 
react  downward,  assisting  it.  For  flour  mixtures  the  feeding  is  do:i< 
pretty  well  by  passing  the  blast  tube  through  the  base  of  the  powd( 
can,  therein  providing  the  tube  with  numerous  holes  having  one-eight'1.2 
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of  an  inch  diameter  on  top  of  the  tube,  one-foarth  on  the  sides,  and 
three-eighths  on  the  nnder  side.  Where  the  powder  is  of  less  adhesive 
character  the  ontlets  shonld  be  tedneed  in  size  and  number.  These 
holes  shonld  be  crowded  close  together,  and  a  slot  seems  preferable  to 
a  row  of  snch  holes.  In  any  of  these  cases  a  part  of  the  blast  iu  pass- 
ing shonld  be  deflected  out  or  crowded  out  strongly  against  or  into 
the  powder  by  some  device  for  directing  it,  or  for  choking  the  main 
passage  to  crowd  the  blast  therefrom.  Where  a  series  of  holes  is  nsed, 
the  part  of  the  blast  which  is  forced  out  through  the  proximal  holes  win 
imss  through  the  powder  along  the  outside  of  the  tube  to  beyond  the 
deflecting  device  or  obstrnction,  when  it  will  re  enter  throngh  the  distal 
holes  into  the  blast  passage  again  and  this  ontside  portion  of  the  blast 
operates  upon  the  powder  to  feed-in  a  part  of  it  into  the  excnrrent  tract 
of  the  main  passage,  that  can  commnnicate  to  and  through  an  exten- 
sion tube  beyond,  which  should  preferably  branch,  leading  beneath  two 
or  more  pairs  of  rows,  for  the  blast  may  be  conducted  through  the  same 
small  pipes  that  are  used  for  water  in  sqnirting-machines.  The  outside 
blast  in  the  can  naturally  follows  the  surface  of  the  tube,  and  thus  feeds 
out  a  thin  layer  from  along  its  surface  without  catching  and  carrying 
large  lumps  or  masses  to  clog  its  passages  which  lead  back  into  the 
tabe.  Also  on  account  of  the  blast  approaching  these  holes  at  an  angle, 
nearly  a  right  angle,  and  thus  entering  them  very  obliquely,  changing 
its  direction  to  do  so,  clogging  is  less  possible,  and  there  is  a  strong 
tendency  to  disintegrate  Inmps  against  the  distal  edge  of  the  hole. 
Further,  in  case  the  more  proximate  exit-hole  or  holes,  which  the  blast 
uaturally  passes  out  through  at  first,  should  become  clogged,  it  has  the 
alternative  of  several  others,  and  by  thus  playing  from  one  hole  to  an- 
other and  across  the  clogged  hole  to  reach  the  open  one  beyond,  any 
clogging  Inmp  or  mass  ia  gradually  disintegrated,  reopening  any  one 
of  the  ways  which  may  have  become  clogged. 

The  device  for  causing  partial  obstruction  of  the  blast-passage  may 
be  permanent,  but  should  preferably  be  a^ustable  at  will,  to  crowd  or 
deflect  off  through  the  powder  a  greater  or  less  part  of  the  blast ;  for 
the  larger  the  obstructions  the  more  of  the  blast  is  diverted  and  the 
greater  the  amovnt  of  x>owder  it  feeds  out,  and  vice  versa.  A  damper, 
S^te,  cock,  plug,  or  any  other  shut-off  device  may  be  used. 

When  the  powder  blast  is  directed  through  small  more  or  less  branch- 

xnfif  tubes  their  terminal  spray-nozzles  are  removed,  and  side  holes,  up- 

"^rard-curved  ends  of  pipe  or  deflectors  may  be  substituted.    The  blast 

c^f  powder  from  these  generates  in  the  atmosphere  vortical  rotations, 

^^hich  spread,  mix,  and  diffuse  the  discharged  powder  into  a  cloud 

^arge  enough  to  supply  a  single  row,  which  is  all  that  is  needed  in  pow- 

<^6riDg  from  beneath.    When  desired  the  powder  jets  may  be  expanded 

^ore  broadly  by  using  very  wide-mouthed  eddy-chamber  jets,  and  may 

^divided  into  forked  jets  bytdouble  deflectors  made  on  the  plans  shown 

^A  Figs.  1  and  2  of  PI.  XIX. 
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The  tubing  for  coDducting  the  blast  must  #f  necessity  be  small  and 
diminish  its  capacity  one-half  beyond  each  fork,  otherwise  the  velocity 
will  check  and  some  of  the  powder  will  be  thereby  allowed  to  deposit 
and  accumulate  inside,  occasionally  to  be  thrown  out  irregularly  when 
jarred  into  the  blast.  To  prevent  such  accumulations  any  shaking  or 
jarring  in  the  machine  will  be  beneficial,  and  if  the  tubes  always  proceed, 
in  a  somewhat  downward  course  gravitation  will  assist. 

On  this  plan  is  constructed  the  most  practical  bellows  apparatus  yet 
invented  for  poisoning  fields.    There  is  no  possibility  of  moisture  im- 
pairing the  working  of  the  bellows  or  reaching  the  powder  in  the  tight 
can,  clogging  is  less  possible,  and  the  powder  may  be  suppliefl  in  mini- 
mum quantities  beneath  several  rows. 

It  is  now  necessary  to  describe  some  machines  embracing  the  prio- 
ciples  above  set  forth,  and  also,  thereafter,  a  few  devices  invented  for 
similar  purposes  by  others. 

In  Plate  XXXm,  Fig.  1,  appears  one  of  the  bellows,  v,  recommended 
above,  as  hung  upon  the  end,  c,  of  a  cart  or  wagon,  to  be  operated  by 
the  wheel,  tr,  and  to  blow  poison  from  the  can,  |>,  through  a  system  of 
distributing  pipes  carried  on  a  frame,  which  has  its  part,  a,  supported 
and  conveyed  by  connection  with  the  cart.  The  cleat  of  one  head  of  the 
bellow»  is  attached  at  points,  c  c,  by  hanging  hooks  or  clamp-screws  or 
otherwise.  Between  the  two  projecting  ends  of  the  cleats  is  a  spring, 
Hj  to  open  the  bellows.  This  may  be  placed  inside,  but  when  situated 
externally  can  be  more  easily  repaired  if  necessary.  A  ratchet,  I,  is 
hinged  opx>osite  the  hind  wheel  at  the  attachment,  ^,  to  play  upon  the 
spokes  and  operate  the  bellows  by  communication  of  the  rod,  r,  and  by 
the  reacting  spring,  8.  The  blast  tube  passes  through  a  valve,  o,  to  pre- 
vent the  poison  powder  or  fluid  from  being  sucked  backed  into  the  bel- 
lows. Beyond  this  the  tube  extends  through  the  basal  portion  of  the 
powder-can,  |>,  after  which  it  connects  with  the  branching  system  of  dis- 
tributing tubes  extending  to  beneath  the  plants. 

This  is  a  very  simple  motor  arrangement  for  operating  the  bellows. 
The  same  principle  may  be  used  with  the  bellows  in  other  positions, 
and  it  can  be  so  set  with  reference  to  the  wheel  that  its  arm,  or,  shall 
act  as  the  ratchet,  or  pawl,  upon  the  spokes,  whereby  the  other  parts 
will  not  be  needed.  Also  for  giving  or  communicating  the  motion  to 
operate  the  bellows  any  of  the  more  complex  mechanisms  used  for  giv- 
ing reciprocating  or  oscillating  movement  may  be  employed,  as,  foi>  in- 
stance, those  for  working  pumps  in  the  other  machines  described  in  this 
report. 

The  reservoir  and  its  device  for  feeding  the  poison  to  the  blast  may 
be  adapted  for  fluid  or  for  powder-poison  as  desired,  the  same  blowing 
apparatus  answering  for  either. 

A  simple  bellows- blower  may  be  combined  with  any  implement  drawn 
in  the  field,  as  a  plow  or  cultivator,  and  so  become  operated  by  the 
hozse  without  effort  on  the  part  of  the  plowman,  as  shown  in  Plate  ^ 
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CXXIY.    The  base  of  the  bellows  is  clamped  fast  to  the  plow,  while 

b8  face,  V,  is  free  to  be  moved.    A  spring  inside  the  bellows  distends  it 

rhe  cleat  on  its  head  extends  as  an  arm,  Xj  which  is  connected  with 

'^t  plowman's  foot,  preferably  by  a  jointed  rod  of  stout  wire,  n.    A 

double  loop  about  the  heel  and  instep  forms  a  comfortable  and  secure 

attachment  to  the  rod,  and  has  a  weak  part  strong  Enough  to  work  the 

bellows,  but  not  with  sufficient  strength  to  drag  the  plowman  in  case 

of  a  ranaway  accident.    When  the  foot  is  advanced  the  section  of  the 

rod  next  to  it  falls  to  a  horizontal  position,  while  the  second  section 

RwiDgs  forward  as  a  x>endulum.    The  length  is  such  that  during  the 

momeut  while  the  person's  weight  is  resting  on  the  foot  the  advancing 

plow  causes  a  pull  on  it,  and  thereby  a  puff  from  the  bellows,  the  pull 

beiug  made  by  the  horse  only.    A  series  of  such  puffs  succeed  each 

other,  one  occurring  each  time  the  foot  is  planted.    The  discharge  from 

the  bellows  sweeps  through  the  short  pipe,  ft,  is  fed  by  poison  in  the 

reservoir,  p,  and  conducted  through  the  pipe,  t,  which  has  a  flexile  part, 

Zj  and  behind  the  plowman  an  outlet, «,  directs  it  from  below  diagonally 

npward  into  the  row.    The  puffs,  which  occur  at  intervals  of  about  two 

feet  apart,  spread  so  broad  as  to  overlap,  and  thus  fill  all  parts  of  the 

TOW  with  the  poison.    As  shown,  one  part  of  the  pipe  near  its  end  may 

drag  upon  the  ground.    Instead  of  this  a  pair  of  branch  pipes  may  be 

nsed  to  supply  two  rows. 

A  similar  bellows  apparatus,  to  be  carried  by  a  person,  is  shown  in 
Plate  XXXni,  Fig.  2.  The  can,  p^  is  hung  upon  the  ba^k  by  a  loop 
passing  over  the  shoulder.  The  hand -bellows,  t7,  may  be  operated  be- 
tween the  hands,  or,  if  it  is  suspended  beneath  the  arm-pit,  by  one  arm. 
lU  blast-tube  extends  through  the  base  of  the  can  as  a  feed-pipe,  and 
so  communicates  with  the  pendent  or  trailing  branched  pipe,  i  g  Sy  sup- 
plying two  rows  as  shown. 
Instead  of  the  pendent  pipe  a  pair  of  hanging  branched  pipes  can  be 
ooonected  with  the  main  blast,  and  thus  the  apparatus  is  enlarged  for 
poisoning  four  rows  at  ^  time. 
!  A  person  can  use  this  arrangemeut  on  horseback.  Biding  down  one 
Diddle  the  branched  pipes  hang  between  the  two  adjacent  middles, 
sopplying  two  rows  on  each  side.  For  this  purpose  the  hanging  tubes 
most  be  elongated  and  flexible. 

In  Plate  XXXI,  Figs.  1,  2,  3,  4,  and  5,  is  represented  a  very  small 
kind-blower,  which  may  be  used  where  the  worms  appear  in  small 
patches.  It  consists  of  the  hand-bellows,  t?,  discharging  through  the 
pipe,  h  «,  which  perforates  the  base  of  the  can,|>,  and  extends  far  beyond, 
anally  with  its  distal  end,  «,  crooked,  so  it  can  be  used  to  throw  in  an 
angular  direction.  This  pipe  may  have  two  branches,  and  thus  apply 
to  a  pair  of  rows.  The  device  will  also  be  found  convenient  for  treating 
niany  plants  and  insects  other  than  those  of  the  cotton  crop. 

The  figures  referred  to  need  to  be  noticed  more  in  detail.  Fig  4  may  be 
taken  as  presenting  the  more  typical  form  of  this  device.    It  represents 
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a  small  bellows,  v,  with  handles;  h  hj  one  of  these  serving  as  a  discharge- 
spont,  commnnicating,  through  the  powder  receptacle,  p^  to  its  deliv- 
ery at  8,    The  bellows  is  made  mechanically  tight  withoat  nails,  glue,  ^ 
or  other  soluble  adhesives,  and  is  very  strong.     After  binding  the^ 
leather  into  the  peripheral  groove  of  the  heads  by  a  stout  wrap  of  wire^ 
a  marginal,  flange-lilie  projection  of  the  metallic  heads,  t,  and  the  border — 
leather  above  the  wire  are  clinched  down  over  the  wire.    Thus  the  bea<S 
and  leather  are  mechanically  bound  together  in  the  firmest,  strongest^ 
tightest,  and  most  durable  manner.^  Also,  as  hydraulic  bellows  tbesie 
cannot  be  surpassed,  and  where  used  for  spraying  liquids,  as  in  devices 
to  be  noticed  below,  or  where  employed  in  wet  fields  or  driving  rains, 
this  independence  of  harm  from  moisture  is  an  excellent  characteristic. 
The  suction- valve  is  a  soft  plate  of  leather  caged,  with  little  play,  upoD 
the  inlet  hole  which  is  punched  through  the  thin  metal  head.    This 
hole  is  covered  outwanlly  with  fine  brass  gauze,  z^  to  prevent  coarse 
bodies  from  sucking  into  the  valve  or  parts  beyond,  and  to  prevent  the 
outward  air-pressure  from  forcing  the  leather  plate  to  wrinkle  or  bulge 
out  too  much  at  the  inlet.    Instead  of  the  many -punctured  outer  cover 
one  or  more  slots  will  give  similar  advantages  in  the  construction  of  the 
inlet.    Also,  the  valve  plate  is  inwardly  ca«;ed  by  gauze  or  bars,  prefer- 
ably by  the  former.    This  prevents  the  valve-plate  from  moving  far  off 
from  the  inlet,  so  that  it  will  close  quick  and  never  fail  to  overlap  the 
margins  on  all  sides,  and  it  also  preserves  the  flatness  of  the  flexible 
valve-plate  while  allowing  the  outward  pressure  to  strike  its  outward 
surface  in  a  direct  manner.     Thus  the  valve  is  made  very  simple,  light, 
and  effective.    The  discharge  may  be  taken  from  either  end  of  the  hol- 
low cleat  or  handle,  A,  but  the  arrangement  shown  will  generally  be 
preferred,  in  which  the  blast  is  discharged  through  the  left  hand,  be- 
tween the  powder-can,  p,  and  the  bellows,  v.    Thus  the  weight  of  the 
bellows  tends  to  balance  that  of  the  powder-can  and  extension- pipe, 
rendering  the  tool  more  easily  wielded  than  if  the  weight  was  more 
distant  from  the  hand.     The  powder  recepta^l^  may  have  any  suit- 
able form,  but  the  bicou!c  shape  here  shown  is  efficient,  and  seems  the 
simplest  to  make.    One  end  is  truncate,  opening  by  the  large  screw-cap 
or  plug,  y.    The  blast  passage  inside  extends  radially  from  the  iieriphery 
to  the  apex,  with  an  extension- pipe,  t,  beyond,  terminating  in  the  crook 
discharging  at  8,    The  extension  piece  is  separable  at  r.    The  internal 
relations  of  the  blast  to  the  powder  will  be  better  explained  by  observ- 
ing Fig.  2,  which  is  a  sectional  view  taken  longitudinally  through  the 
parts.    The  tube,  e  r,  inside  the  can,  has  a  slot  in  its  side,  and  about 
midway  in  its  passage  is  a  shut-off  device,  j.    When  this  is  set,  partially 
closing  the  tubular  passage,  only  a  part  of  the^last  goes  through  direct 
and  the  rest  is  crowded  out  to  grind  away  the  powder  exposed  by  th 
slot  passages.    The  more  of  the  blast  thus  crowded  out,  the  more  of  th 
powder  will  be  fed  to  and  carried  away  by  the  blast.    To  allow  tbi 
Ceding  by  erosion,  one,  two,  or  more  slots  or  rows  of  holes  of  size  an 
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shape  to  suit  may  be  thus  made,  whereby  the  blast  can  act  upon  the 
powder  in  the  base  of  the  can.  Another  view  of  vhe  same  device  with 
an  extension-pipe  having  additional  crooks  appears  in  Fig.  3.  The  let- 
tering has  the  foregoing  explanation  so  far  as  it  corresponds.  Fig.  1 
presents  a  side  view  showing  the  device  without  its  extension-pipe.  In 
this  form,  or  with  a  long,  straight  extension  spout,  it  may  be  well  used 
in  broadcast  powdering.  To  the  discharge, «,  may  be  combined  a  flexi- 
ble hose  communicating  with  a  free,  stiff  pipe,  which  can  be  independ- 
ently directed,  as  desired,  in  broadcast  work  or  in  powdering  trees.  This 
is  particularly  desirable  when  the  bellows  is  conveyed  on  a  vehicle  and 
operated  by  the  foot  or  by  machinery.  Also,  however,  the  bellows  may 
be  worked  or  conveyed  backward  or  downward,  or  a  trailing  extension- 
pipe  may  be  used  with  stiff  or  flexile  branches  such  as  have  been  de- 
scribed elsewhere.  When  the  apparatus  is  hauled  it  is  advisable  to 
have  the  powder  receptacle  much  larger  in  proportion,  of  course,  and 
with  a  differently  shaped  base,  yet  with  the  same  internal  construction. 
Another  variation  in  the  small  hand-machines  is  shown  in  Fig.  5.  One 
bead  of  the  bellows,  z^  is  secured  flat  against  the  side  of  the  can,  jp, 
which  has  the  form  of  an  ellipsoid  cylinder.  This  makes  the  apparatus 
very  compact  and  all  iu  one  piece,  as  it  were.  By  such  an  arrangement 
the  blast-tube  curves  back  at  e  to  pass  through  the  base  of  the  recepta- 
cle. Otherwise  the  machine  is  not  essentially  different  from  those 
already  noticed.  * 

The  following  machines  devised  by  others  need  to  be  noticed  here: 
In  Plate   XXX,  Figs.  1,  2,  arid  3  represent  a  machiue  invented 
(No.  178704)  by  Mr.  8.  D.  Allen,  of  Philadelphia,  Pa.    In  the  Report  of 
the  Department  of  Agriculture,  on  Cotton  Insects,  p.  247,  it  received 
the  description  below : 

"Fig.  I  i8  a  side  view  of  the  device;  %  an  enlarged  vertical  sectional  view  of  part 
of  the  same:  3,  a  transverse  section  on  the  line  1,  2,  of  2. 

"  The  t»oisoning  componnd  is  contained  in  a  reservoir,  A,  and  is  forced  in  small  quan- 
tities at  a  time  through  a  spont,  a,  by  means  of  air  forced  into  the  reservoir  from  a 
{Mir  of  bellows,  D,  or  other  blowing  mechanism,  to  which  are  connected  arms,  BB',  by 
means  of  which  the  l>e]]ows  may  be  operated,  a  spring,  e,  being  attached  to  the  end  of 
an  upright,/,  to  serve  or  assist  in  distending  the  bellows.    The  apparatus  is  mounted 
on  a  wheel,  «,  which  imparts  motion  to  the  bellows  through  the  medium  of  a  rod,  p, 
and  studs  w,  on  the  wheel.    By  each  stud  the  rod  is  drawn  downward  until  it  is  freed 
by  springing  away  from  the  stud,  when  it  will  rise  by  the  action  of  the  spring  e. 
The  enter  end  of  the  lower  arm,  B\  is  adapted  to  a  segmental  rod,  .7,  and  is  provided 
^ith  a  set-screw,  by  tightening  which  the  arms  and  bellows  may  bo  Qonfined  in  any 
relative  position  to  which  they  may  be  adjusted  as  shown,  for  instance,  by  dotted 
I'Deg  in  ligure  1.    The  reservoir,  A,  is  provided  at  one  end  with  a  funnel,  d,  through 
^hich  the  material  is  introduced  into  the  reservoir,  and  at  the  opposite  end  is  an  in- 
^'lined  spout,  a,  over  the  end  of  which  is  fitted  a  funnel-shnped  guard  or  shield,  6, 
^hich  protects  the  end  of  the  spout  and  prevents  the  clogging  up  of  the  same  when 
°8etl  among  wet  foliage. 

"The  object  of  making  the  spout  inclined,  as  shown,  is  to  enable  it  to  discharge 
^itber  np  or  down  or  on  either  side,  as  desired,  without  changing  the  positfbn  of  the 
Mows,  D,  the  change  being  effected  by  merely  turning  the  reservoir  around  on  the 
ooKzle,  My  of  the  bellows  until  the  spent  is  pointed  in  the  proper  dit^Qtvou. 
oa  COJVa 10 
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"  The  reservoir,  A,  is  divided  in  the  present  instance  by  two  longitadinal  partitioi: 
t  i,  which  break  up  the  contents  of  the  reservoir  and  prevent  them  from  accomnlatii 
in  the  lower  portions  of  the  same — openings  jj,  however,  allowing  such  commnnicati' 
as  will  permit  the  entrance  of  sufficient  material  into  the  lower  portion  of  the  resc 
voir  to  supply  the  place  of  that  expelled  at  each  blast  of  the  bellows,  thus  insuring  i 
even  discharge  of  the  whole  contents  of  the  reservoir. 

''In  order  to  cause  the  aiF  to  act  only  on  the  portion  contained  in  this  lower  divisi< 
the  nozzle  has  an  inclined  face,  n,  in  which  the  perforations  for  the  escape  of  the  a 
are  formed,  the  air  being  thus  directed  against  the  bottom  of  the  reservoir,  and  carr 
ing  with  it  a  small  quantity  of  the  contents,  which  are  expelled  through  the  spont, 
A  perforated  disk,  x,  is  inserted  into  the  entrance  of  this  spout  to  assist  in  distribn 
ing  the  contents  evenly." 

Mr.  Thomas  Woodason,  of  Chicago,  III.,  is  manufactaring  some  sma 
insect  bellows  having  the  construction  of  the  common  sanding  bellow 
III  Plate  XXXII,  Fig.  3,  is  represented  one  of  the  best  made  by  hir 
The  powder  is  introduced  into  the  doable  cone  shaped  reservoir  by 
•can-screv  opening  above.  A  valve  prevents  the  powder  from  suckin 
onto  the  bellows  at  its  neck.  The  blast-pipe  from  the  bellows  projec 
into  and  beyond  the  center  of  the  reservoir,  where  its  end  is  close 
<!onipletely.  The  air  can  only  pass  from  this  supply  pipe  in  a  later 
direction  by  a  number  of  perforations.  The  feeding  device  has  no  ai 
justability.  The  powder  pours  into  the  discharge-pipe  if  that  be  d 
Tected  downward,  and  the  feeding  is  afiected  by  shaking  and  joltiBi 
yet  in  its  way,  though  at  some  mechanical  disad  vantage,  it  does  vei 
fair  work  as  a  distributer  of  poison. 

Mr.  Woodason  also  makes  a  similar  bellows  with  the  common  feedin 
device,  shown  in  Plate  XXXII,  Fig.  2.  The  powder-box  is  a  funnel  wit 
its  top  closed,  while  its  outlet  communicates  into  the  blast-pipe.  1 
feeds  less  regularly  than  the  preceding  one,  especially  when  flour  mij 
turea  are  employed. 

Another  interesting  blower  for  broadcast  powdering  is  that  patente 
<No.  66558)  in  July,  1866,  by  Mr.  J.  W.  Hendley,  of  Washington,  D.  ( 
This  machine  is  illustrated  in  Plate  XXXII,  Fig.  1.  It  was  used  a 
<»arly  as  twenty  years  ago  for  blowing  powdered  snlphur  as  an  insect 
«idd  upon  plants,  but  has  sold  in  the  trade  chiefly  as  a  '^sanding  be 
lows."  The  bellows  proper  is  of  ordinary  construction,  but  the  spoc 
snid  feeder  are  peculiar.  The  latter  is  a  can  which  oscillates  up  an 
^lown  on  and  with  the  upper  or  movable  head  of  the  bellows.  A  flex 
ble  segment  in  the  neck  of  the  feeder  allows  the  can  to  move  indepenc 
eutly  of  the  neck,  which  leads  into  the  blast-spout  at  a  point  just  beyon 
the  bellows.  Inside  of  this  neck  is  a  barbed  rod  having  its  upper  en 
fixed  in  the  can,  so  that  the  movements  of  the  latter  make  the  rod  a( 
as  a  plunger  and  rattler  in  the  neck  to  push  the  powder  along  down  t 
the  blast.  Just  proximal  of  the  feed-entrance  the  blast-pipe  has  a  shoi 
crook  to  help  prevent  the  powder  from  getting  back  into  the  bellows 
while  di^al  from  it  there  is  a  flexible  segment  with  an  adjustable  clam 
to  set  the  discharge  end  at  any  angle  desired.  The  exit  end  is  broadl. 
Battened,  having  a  slot-like  discharge  orifice  to  spread  the  blast. 
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Mr.  J.  P.  Stelle^  of  Citronelle,  Ala.,  thus  described,  in  his  report  in 
1880,  a  simple  device  which  he  had  tested : 

*'  It  consists  of  a  smaUi  round  tin  box  affixed  npon  the  pipe  of  a  common  hand-bellows, 
the  box  sitting  at  right  angles  with  the  pipe.  The  top  is  perforated  with  nnmerons 
line  holes.  London  purple  undiluted  is  to  be  placed  inside  the  box  and  forced  up 
through  the  perforations  by  working  the  bellows." 

Its  poor  feature  is  that  wetnesB  can  enter  the  perforated  face  to  af- 
fect the  powder,  and  the  outlets  may  clog,  for  the  best  time  to  apply  dry 
]>oi8on  thus  is  when  the  plants  are  wet. 

Several  small  hand-blowers  are  in  the  market,  but  most  of  them  are 
adapted  only  for  killing  bed-bugs  and  insects  on  house  plants. 

OsciLLATiNO  Blowebs  OP  FLxnDS.— This  application  of  the  bel- 
lows promises  to  be  of  lanch  importance.  It  affords  the  best  obtainable 
blast  for  atomizing  and  blowing  fluids.  The  blast  atomizers  I  have  de- 
vised and  described  below  make  mists  of  excellent  quality  and  embody 
what  seem  to  be  the  best  methods  of  charging,  directing,  and  discharg- 
ing the  blast  with  liquid. 

Special  attention  should  be  given  to  the  machines  presented  in  Plate 
XXXI,  Figs.  7  and  8,  and  in  Plate  XXXII,  Figs.  4  and  6,  described 
below. 

To  prevent  the  bellows  from  sucking  back  (the  liquid  to  be  blov^n  to 
atoms,  or  the  air)  trom  the  blast-tube  into  itself,  the  blast  leaving  the 
bellows  is  passed  outward  through  an  excurrent  valve. 

For  feeding  the  blast  with  liquid  to  be  blown  to  a  spray  the  devices 
heretofore  used  in  atomizers  for  surgical  or  other  purposes  are  not  well 
adapted  to  field-poisoning.  The  principle  of  blast-suction  so  commonly 
employed  in  them  will  not  lift  from  large,  very  deep  reservoirs  and  feed 
to  the  blast  the  supply  of  liquid  required  in  large  machines ;  while  those 
vhieb  use  blast  pressure  are  so  constructed  as  to  squirt  the  liquid  of  the 
reservoir  upward  in  opposition  to  gravity,  aud  to  raise  it  thus  out  of  a 
Iwge,  deep  reservoir  requires  more  exhaustion  of  force  'to  operate  the 
bellows  than  economy  will  warrant.  And  the  same  will  be  true  when 
^•pamps  are  used  as  described  farther  on.  A  much  better  plan  is  that 
in  which  the  fluid  gravitates  into  an  automatic  feeder  or  directly  into 
t^e  blast  passage,  with  or  without  the  assistance  of  blast-pressure  or 
blast-saction.  Thus  it  will  be  seen  that  the  blast-pipe  to  be  fed  with 
^iQuid  should  pass  below  the  level  of  the  liquid,  and  with  this  limita- 
tion may  have  any  position  that  is  convenient.  If  it  pass  outside  the 
reservoir  one  or  more  conveyor-tubes  to  or  from  the  blast  must  be  added 
to  communicate  with  the  reservoir.  To  avoid  some  complication  and  se- 
cure greater  compactness,  with  better  working,  the  blast-tube  is  prefer- 
*My  passed  through  or  against  the  lower  part  of  the  reservoir,  from 
^bich  one  or  more  passages  gives  the  liquid  exit  into  the  blast-tube. 
Tbe  quantity  to  be  fed  oYit  must  be  gauged  by  the  size  of  the  outlet  or 
^^tlets,  which  may  be  formed  of  permanent  size,  or  can  be  increased, 
^inished^  or  closed  at  will  by  any  acy  ustable  partial  or  complete  shat^ 
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off  arrangement.  Before  the  blast  has  reached  the  ontlet  just  mentioned 
a  part  of  it  should  be  passed  above  the  liquid  and  in  the  tight  reservoir 
^by  way  of  a  tube,  or  by  direct  egress  from  the  blast-tube  when  the 
latter  is  in  or  against  the  reservoir),  to  rise  above  the  liquid  (through  it 
or  through  a  tube),  to  give  a  pneumatic  pressure  upon  the  liquid,  and  so 
assist  gravity  in  forcing  a  constant  jet  therefrom  into  the  blast. 

When  planning  the  construction  of  apparatus  in  which  blast-pressure 
through  oqe  passage  is  to  be  used  to  eject  the  liquid  through  another 
into  the  blast  the  following  principle  should  be  observed :  In  order  that^ 
the  blast-pressure  through  the  one  passage  shall  be  against  the  liquid 
more  strongly  than  through  the  other  passage,  to  squirt  or  help  squirt; 
the  liquid  from  the  latter,  thus  to  feed  the  liquid  to  the  blast,  the  blast- 
tube  is  constructed  with  greater  capacity  opposite  and  beyond  the  ejec- 
tion passage  into  itself,  and  this  may  also  be  accomplished  by  making 
any  partial  obstruction  of  the  blast,  by  crook  or  otherwise,  in  that  part 
of  the  main  passage  which  is  between  the  two  reservoir  communications. 

When  it  is  desired  the  blast  and  liquid  can  be  conducted  together 
through  very  long  tubes,  and,  by  the  chambered  forks  or  angles,  may  be 
equally  divided,  to  supply  one  or  more  reverberatory  jets  at  a  distance. 

If  the  blast-pipe  ends  close  to  where  the  liquid  feeds  it,  the  latter 
will  be  blown  in  a  fair  spray ;  but  if  the  liquid  must  pass  with  it  in  the 
pipe  for  a  considerable  distance,  and  especially  if  there  be  any  crook- 
edness in  the  course,  the  liquid  becomes  more  or  less  condensed,  and 
no  satisfactory  spray  rei^ults  without  adding  a  special  device  for  reat- 
omiziug  it,  and  this  is  best  done  by  attaching  the  eddy -chamber  nozzles, 
such  as  have  been  already  recommended  for  squirting  sprays,  and  others 
similar,  but  provided  with  different  outlets.  In  any  case,  even  if  no 
convey  or- tubes  are  necessary,  the  best  atomized  spray  is  obtained  by 
the  employment  of  the  reverberatory  jets,  which,  like  the  feeding  ar- 
rangement described,  can  be  constructed  with  capacity  for  larger  vol- 
umes of  liquid  and  of  spray  than  the  old-fashioned  atomizing  principle 
wiir  produce.  The  next  best  thing  to  the  simplest  reverberatory  jets  for 
this  purpose  is  also  new.  It  is  the  whistle  jet,  which  differs  from  the 
eddy  jet  in  having  its  outlets  peripheral,  and  preferably  close  to  the 
outside  of  the  inlet,  being  the  same  plan  of  nozzle  as  that  shown  in  plate 
XXXII,  Fig.  6,  and  described  above,  but  preferably  with  some  mod- 
i^cations.  One  distinctive  characteristic  of  this  is  that  it  receives  a 
blast  across  the  inner  face  of  the  outlet  hole.  As  will  be  seen,  it  makes 
one  and  the  same  stream  return  back  to  intercept  and  atomize  itself. 
But  while  the  foregoing  styles  seem  preferable  for  agitation -chambers 
for  these  purposes,  under  certain  limitations  the  number  and  location 
of  the  inlets  may  be  altered,  and  the  spray  outlet  or  outlets  may  have 
any  other  position,  such  that  the  current  must,  in  order  to  find  exit,  be 
given  a  suddenly  tortuous  or  zigzag  course  by  and  in  the  chamber, 
while  the  form  of  the  outlet  may  be  cut  in  various  shapes  with  good 
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effect,  and  tbo  chamber  may  have  ODiy  plane  and  angular  conformation, 
or  can  possess  certain  irregalarly  or  regularly  carved  contours. 

An  allied  and  very  simple  form  of  atomizer-nozzle,  which  is  only  of 
value  with  blasts,  consists  of  a  blast-tube  with  its  discharge  end  closed 
completely,  and  having  one  or  two  discharges  through  its  side  at  a  short 
distance  from  the  closed  end,  as  shown  in  Plate  XXXI,  Fig.  6.  The  air 
in  the  short  cavity  of  the  tube  between  the  outlet  and  the  closed  end  acts 
as  an  elastic  cushion,  and  there  takes  place  a  rebounding  and  rotary  ac- 
tion of  the  blast,  whence  atomizing  results.  With  the  agitation-cham- 
bers the  blast  dashes,  spreads,  and' grinds  the  poison  against  the  inner 
surface  of  the  chamber.  Thus  they  disintegrate,  mix,  and  diffuse  any 
lumpy  accumulations  of  powder  poison  or  masses  of  liquid  that  enter 
them,  and  the  greater  the  blast  force  the  finer  will  the  powder  or  spray 
be  discharged. 

This  introduction  of  agitation-chambers  in  atomizers  for  diffusing  or 
mixing  the  materials  just  before  they  are  discharged,  and  emitting  them 
tbns  mixod  and  in  a  state  of  intense  agitation,  is  due  to  myself,  and  I 
make  them  in  many  different  shapes.  The  activity  within  is  of  a  rever- 
beratory  character,  generally  arising  by  internal  deflection,  causing 
vibration,  collision,  intercepting,  or  whirling  of  currents.  The  spray 
may  be  discharged  from  the  chamber  in  any  direction  or  at  any  angle 
desired,  and  an  atomized  spray  at  right  angles  from  the  end  of  a  pipe 
is  just  what  has  been  heeded  to  make  both  practical  and  economic  the 
iax>cess  of  poisoning  the  nether  surfaces  of  crops. 

Prior  to  these  the  atomizing  was  done  on  the  principle  of  a  blast  blow- 
ing the  emitting  liquid  immediately  from  the  discharge  of  a  pipe  supply- 
ing the  liquid  and  thereby  producing  atomized  spray.  The  terminal 
portions  of  the  blast-pipe  and  the  liquid  supply-pipe  stand  approaching 
each  other  at  an  angle,  or  either  may  surround  the  other.  Although  an 
immense  number  of  atomizers  for  surgical  and  other  purposes  have  been 
patented,  the  above  principle  characterizes  them  all.  In  patent  "So. 
173194  Mr.  W.  V.  Wallace  claimed  a  device  for  catching  and  returning 
to  a  receptacle  the  drip,  which  flows  in  considera.ble  amount  as  waste 
from  these  atomizers. 

Mr.  Thomas  Woodason,  of  Chicago,  111.,  is  manufacturing  an  ordinary 
atomizer  represented  in  Plate  XXXII,  Fig.  4'.  The  can,  j>,  contains  the 
poison.  The  bellows,  v,  has  its  spout  soldered  to  the  top  of  the  can,  and 
^ischarge^  across  the  end  of  the  tube,  p.  As  a  result  the  rarefication 
produced  in  the  ascending  tube  enables  the  atmospheric  pressure  in  the 
^Q  to  cause  the  liquid  to  rise  through  the  tube,  and  from  its  top  the 
atomized  spray  is  blown.  This  is  one  of  the  simplest  atomizers  to  con- 
^tract,  and  it  makes  a  fair  spray.  It  is  a  small  hand  instrument  to 
produce  a  single  spray  in  directions  not  deviating  greatly  from  the 
horizontal.  Its  feeding  principle  by  blast  suction  will  not  work  satis- 
'actorily  except  for  a  very  shallow  body  of  liquid  ;  hence  the  reservoir  is 
^^ssarily  small,  and  must  be  filled  very  often.  The  first  part  of  lUvi. 
"last  is  wasted  in  produciug  a  vacuity,  and  some  poison  \a  \o%t»  «j^  ^yv^^ 
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A  large  reservoir  of  liquid  on  the  spout  of  a  hand  bellows  would  be 
too  anwieldy  even  were  it  practicable  in  atomizers  made  on  this  princi- 
ple. To  remedy  this  in  sach  apparatuses  and  prevent  waste  by  dripping 
I  have  added  an  automatic  supply  by  way  of  a  small  tube  leading  from  a 
larger  reservoir  carried  higher,  as  between  tbe  shoulders,  upon  the  back, 
or  upon  one  of  the  handles  of  the  bellows,  or  otherwise,  together  with 
other  features,  all  of  which  may  be  bettx^r  explained  by  the  figures.  As 
seen  in  Plate  XXXII,  Fig.  5,  bellows,  Vj  has  a  long  blast-tube,  f,  opening 
at  e  into  the  chamber,  p.  This  also  prodaces  a  pneumatic  pressure 
upon  the  liquid  in  the  can,  p.  A  poison-inlet,  {,  connects  with  a  rubber 
tube  from  a  larger  and  more  elevated  reservoir,  not  shown  in  the 
figure.  A  diagonal  tube,  xy^  has  its  lower  part  open  in  the  proximal 
lower  angle,  a?,  of  the  can,  pj  while  its  upper  end  opens  at  a  larger  ori- 
fice, y,  through  the  upper  face  of  the  can,  and  preferably  near  its  distal 
side.  This  instrument  is  designed  to  be  held  with  the  pipe,  «,  directed 
downwards  to  carry  the  can,p,  beneath  the  plants  sprayed.  The  liquid 
horizon  will  then  be  at  the  lower  extremity  of  the  inlet-tnbe,  L  Each  blast 
depresses  the  liquid,  causing  some  to  rise  up  tbrough  the  tube,  x  y^  and 
be  sprayed  upward  by  the  ascending  blast  .it  s.  At  the  same  time  a 
small  volume  of  the  air  is  forced  to  enter  the  tube,  i,  and  ascend  into 
the  larger  reservoir,  to  displace  WRter  enough  to  restore  its  level  up  to 
the  lower  extremity  of  the  tube,  closing  its  orifice  so  that  no  more  air 
can  enter,  and  hence  no  more  liquid  can  descend.  Thus  the  very  small 
can,  jp,  is  fed  automatically,  itbelf  being  of  a  very  wieldy  size  and  serv- 
ing rather  as  a  nozzle  than  as  a  reservoir.  When  a  large  supply  of 
poison  is  not  needed  the  tube,  I,  m«iy  be  corked  tight  and  the  can,  p^ 
is  filled  through  the  hole,  y  or  2,  preferably  by  immersing  the  whole 
can  in  a  vessel  of  poison  so  the  latter  may  enter  at  either  of  those 
orifices. 

The  liquid  is  drawn  in  quickly  by  opening  the  bellows  while  closing 
its  suction  hole  by  the  thumb  or  hand.  In  this  device  blast-pressare 
rather  than  blast  suction  feeds  the  liquid  out,  and  the  blast-discharge 
is  taken  preferably  from  a  facial  orifice,  whence  it  surrounds  the  outlet 
of  the  liquid. 

The  foregoing  device  is  quite  practical,  and  there  are  no  difQcult  points 
in  the  construction  or  adjustment  of  its  parts.  But  the  ordinary  me- 
chanic finds  it  more  difficult  to  construct  tbe  following  machines  accn- 
rately  in  all  their  proportions,  although  they  are  no  more  complex  than 
those  already  noticed,  over  which  they  possess  mechanical  advantages, 
in  their  operation  and  application,  giving  a  preference.  The  principles 
which  I  have  introduced  in  these  render  possible  the  construction  of 
practical  compound  machines  for  delivering  two  or  more  blast-sprays  from 
a  siijgle  blower  and  a  single  feeder.  This,  also,  is  accomplished  without 
complexity  and  at  moderate  cost  The  following  examples  should  be 
considered  here.  The  simple  hand  apparatus  in  Plate  XXXI,  Figs. 
6j  7,  and  8,  will  be  described  first.    The  internal  anatomy  of  the  feeder 
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is  shown  in  Fig.  7,  where  p  is  the  feeder-can  containing  the  liquid 
poison  and  y  is  the  blast-pipe.  This  is  united  with  a  fecrew  cap  or  plug 
which  unscrews  to  separate  aud  open  the  can.  From  the  blast-pipe 
there  projects  a  small  tube,  x-^j  in  the  can  and  opening  near  the  basal 
apex,  X.  This  is  the  feeding-tube  to  conduct  the  liquid  up  into  the  blast. 
Its  lower  endf  a?,  is  at  the  bottom  of  the  liquid  aud  will  remain  so  whethi^ 
the  side,  a,  or  the  side,  n,  be  down,  wherefore  the  blast-pix)e  may  be  di- 
rected considerably  downward  or  upward  or  horizontally  without  bring- 
ing this  end  above  the  liquid.  The  opening  of  this  end  is  preferably 
quite  small,  but  even  for  single  sprays  of  good  size  it  need  not  be  small 
enough  to  clog,  with  ordinary'  care  to  keep  the  liquid  free  from  rubbish. 
Bat  when  in  careless  hands,  or  dirty  liquid  must  be  engaged^  clogging 
may  occur.  In  such  cases  the  can  is  removed,  and  a  wire  forced  up 
throapfh  the  small  passage  to  clear  it  When  no  can-screw  is  employed, 
and  the  pipes  are  inseparably  joined  to  the  can,  a  means  ibr  clearing  the 
feedpipe  is  provided  by  having  its  lower  end  extend  through  the  base 
of  the  can  where  it  isx>lugged,  while  a  lateral  perforation  through  it  just 
inside  of  the  c^m  admits  the  liquid.  Then  the  end  may  be  opened  to  pass 
np  the  wire  probe.  Also^  the  feed-hole  into  the  side  of  the  tube  may 
be  formed  as  a  slot,  which  can  be  more  or  less  closed  by  adjusting  the 
ping  slightly,  and  thus  the  liquid  supply  can  be  increased  or  dimin- 
ished or  shut  ofL  The  plug  may  shut  off  the  inlet  either  by  deeper  in- 
sertion or  by  rotation  upou  the  axis.  The  upper  end  of  the  feed-pipe  is 
generally  cut  diagonally,  and  this  diagonal  part  projects  into  the  blast 
with  its  slope  to  the  leeward.  There  are  certain  delicate  advantageous 
pecnliarities  of  form  for  this  orifice  which  need  not  be  detailed  here. 
Near  the  feed-pipe  perforations  are  made  to  allow  blast-pressure  to  be 
exerted  upon  the  Uquid  to  force  it  up  in  the  feeder-tube.  Thus  the  feed- 
ing principles  are  similar  to  those  in  the  device  just  previously  described. 
^Iso  the  uses  of  the  automatic  supply-tube,  2,  are  the  sameas  were  given 
dbove.  But  in  the  machine  before  us  there  is  not  an  immediate  spray- 
dischai  ge ;  the  blast  and  the  liquid  fed  to  it  are  conducted  onward  by 
^  extension-pipe.  K  this  be  very  short,  as  at  j^^  in  Fig.  8,  and  the 
month-piece,  o,  be  blown-into  strongly,  a  direct  spray  wiU  be  emitted  at 
<;  bat  the  longer  this  extension-pipe  and  the  more  roughness  and  crooks 
it  possesses  the  more  will  the  spray  become  condensed  against  the  side 
of  the  pipe,  or  separated  from  the  blast  to  flow  in  the  pipe;  wherefore 
&t  some  distance  its  valuable  qualities  are  lost.  But  by  these  means  the 
liquid  and  the  blast  are  both  conducted  in  one  and  the  same  pipe,  to  be 
^Umized  by  the  terminal  nozzle  or  nozzles.  Instead  of  the  oral  blow- 
pipe of  Fig.  8  a  bellows  may  be  attached  on  the  one  end  and  a  long  ex- 
tension-pipe on  the  other.  This  arrangement  appears  in  Fig.  6,  where 
like  letters  indicate  how  the  parts  correspond  to  those  of  the  figures 
already  just  described. 

'Hie  pipe  terminates  in  the  simplest  form  of  reverberatory  nozzles,  de- 
scribed above.    Certain  of  these  give  spray  at  an  angle  feom  \\ie  ^vft^ 
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while  others  emit  the  spray  in  the  direction  of  the  axis  of  the  pipe.  The 
pipe,  i,  should  be^i  elerably  so  extended  as  to  carry  its  jet, «,  beneath  the 
plants.  The  pipe,  /,  may  be  inserted  in  the  wall  of  the  can  at  any  point 
above  the  desired  level  of  the  liquid  which  closes  the  lower  end  of  th< 
pipe  so  that  air  cannot  ascend  to  the  large,  tight  reservoir.  Hence,  the 
liquid  can  rise  no  higher  than  to  close  its  lower  orifice.  As  soon  as  the 
liquid  is  lowered  so  much  that  air  can  enter  aud  pass  to  the  upper  re» 
ervoir  liquid  enough  will  descend  to  close  the  entrance  again.  Witi 
this  arrangement  the  feeding  of  the  blast  goes  on,  and  the  small  cai 
does  not  have  to  be  filled.  This  supply -tube  may  have  a  stopper,  or  \h 
connected  with  an  automatic  supply  from  a  larger,  higher  reservoir,  ai 
previously  explained.  It  maybe  seen  that  whether  the  angle,  or,  or thf 
side^  a,  or  the  side,  n,  be  downward  the  passages  at  the  comer,  2(,  wil 
always  be  above  the  liquid,  so  that  when  the  int^trument  is  in  Operatioi 
it  can  be  directed  downward  or  upward,  as  well  as  horizontally.  Bj 
this  itfachine  tbe  blast  is  fed  with  certainty  and  strongly.  •  Since  there 
is  no  immediate  communication  of  the  surrounding  atmosphere  witb 
the  reserv^oir,  |?,  the  liquid  is  not  raised  in  the  pipe,  a?-y,  by  the  ordinary 
process  of  atmospheric  pressure,  but  the  blast-pressure,  which  is  more 
powerful,  is  applied.  Here  it  should  be  noticed  that  the  blast  also 
bears  down  upon  the  liquid  in  the  tube,  x-^y^  as  well  as  on  that  in  tbe 
chamber,  and  were  its  force  equal  in  both  these  places  the  water  would 
not  rise,  for  the  elevation  must  be  due  to  the  reservoir  pressure  exceed- 
ing that  in  the  feed- tube.  To  secure  this  condition  the  main  blast  be- 
tween the  incurrent  and  excurrent  orifices,  at  y,  should  be  partially  ob- 
structed, and  this  can  be  accomplished  in  various  ways,  here  by  one 
side  of  the  tube,  oo-y,  projecting  into  the  main  passage.  It  can  also  be 
done  by  a  crook,  or  b^^  having  the  main  passage  made  Jarger  beyond  the 
pressure-hole.  It  should  bie  noticed  that  with  this  device,  even  when  no 
valve  is  used  between  It  and  the  bellows,  the  liquid  will  not  flow  back 
into  the  bellows  past  the  pressure-inlet,  for  there  it  naturally  enters 
again  into  the  chamber. 

An  important  feature  of  this  device  depends  on  the  fact  that  it  may 
be  turned  upside  down,  aud  so  works  with  less  effort,  while  gravitation 
causes  the  liquid  to  feed  into  the  blast  uninterruptedly  by  way  of  what 
was  in  the  other  case  the  distal  pressure-hole,  and  the  tube,  o^-^,  or  a 
hole  preceding,  it  now  serves  to  pass  the  blast-pressure  above  the 
liquid. 

An  apparatus  having  these  characteristics,  also  adapted  to  poisoning 
under* surfaces  and  others,  is  shown  by  a  plan  view  in  Plate  XXXII, 
Fig.  6.  The  bellows,  r,  has  a  very  long  blast-pipe,  i,  with  an  angnlar 
discharging-nozzle,  «,  which  can  be  turned  on  the  pipe,  i.  At  the  base 
of  the  pipe,  ♦,  is  a  crook,  recess,  valve,  or  partial  septum,  to  prevent  the 
poison  from  entering  the  bellows.  The  reservoir,  p,  has  a  supply  ea 
trance,  Z,  which  may  be  closed,  or  can  have  a  pipe  connection  as 
Butomatic  supply  from  a  higher  reservoir,  carried  by  the  operator  or 
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horse  or  otherwise.  The  chamber,  pj  oommiiBicates  witJi  the  main  blast 
by  the  pressure-tube,  x^j  and  the  poison-jiassage.  When  desired,  this 
aperture  has  an  adjustable  shut-off  to  regulate  or  stop  the  flow  therefirom. 
The  handle  has  an  incurrent  air- valve. 

Either  of  these  apparatuses  may  have,  instead  of  a  single  jet,  two  or 
more  jets  on  pipe-branches,  and  thus  were  made  compound  machines 
involving  the  same  principles.  The  systems  of  branching  tabes  [PL 
XLIX  and  XLYl]  and  the  conveyances  in  these  machines  combine  also 
vith  others,  and  also  the  liquid- feeding  reservoir  made  on  the  plan  just 
described  may  be  (substituted  in  place  of  the  powder-can  in  the  appara- 
tuses presented  above  and  in  Plate  XXXIU.    . 

Od  the  other  hand,  in  making  very  simple  atomizers  on  the  above 
plans  the  extension-pipe,  i,  may  be  omitted,  and  the  spray-nozzle  can  be 
fonned  as  a  compartment  of  the  reservoir,  or  be  attached  thereto  by  a 
(»hort  neck. 

"Ai)ortahle  spray  machine  (Plate  XXX,  Fig.  4)  was  made  a  few  years 
since  by  Mr.  W.  P.  Peck,  of  West  Grove,  Pa.,  consisting  of  a  tank 
strapped  knapsack- fashion  on  the  shoulders,  and  connected  by  rubber 
tubes  with  a  pair  of  bellows,  buckled  to  the  waist,  turned  by  a  crank, 
and  connected  with  a  movable  nozzle.  The  tank  holds  three  gallons, 
au<l  there  is  a  simple  device  at  the  bottom,  which,  by  the  motion  of 
walking,  keeps  the  liquid  in  agita:ion  and  prevents  the  poison  from 
settlJDg.  The  liquid  issues  in  a  fine  spray  and  with  considerable 
foree.'^ 

Mr.  W.  V.  Wallace,  of  Boston,  Mass.,  patented  in  1876  (No.  185^03) 
an  elastic  bulb,  discharging  a  blast  in  the  spout  of  a  watering-pot  to 
blow  a  spray  therefrom,  which  seems  to  cov^r  the  spraying  principle  of 
tbe  Peck  machine.  • 

BECIPBOCATING  OB  PISTOX^EB  BLOWEBS. 

[Plate  XXXV.] 
(ajfor  powder  ;  b^  far  liquid,) 
The  piston-pumps  in  Plate  XXXV,  Figs.  1  and  2,  and  described 


,or  other  air-pumps,  may  answer  as  blast  producers  for  blow- 
ing powder  or  fumes,  and  for  atomizin;^  liquids.  For  these  purposes 
^e  cylinder  of  the  pump  should  be  preferably  larger  than  when  it  is 
^0  be  Qsed  ouly  for  compression.  With  such  blast  genei'utors  powder 
^^m  or  atomizers  of  the  kind  already  described  fur  use  with  bellows 
<^Q  be  combined  with  or  without  distributing  pipes  and  nozzles  as  Hq- 
sited  for  simple  or  compound  machines.  Thode  same  appurtenances 
^ere  phinued  for  blowers  of  any  kind,  but  the  air-pump  shown  in  Plate 
^XXV,  Fig.  1,  was  invented  and  used  by  myself  in  such  combination 
^Jid  subserves  the  purposes  very  well.  The  pump  discharges  through 
*t«  hollow  piston-rod,  and  this  is  easily  coupled  to  the  bla8t-i>ipe  of  the 
deeding  and  distributing  apparatos. 
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The  blast-pipe  and  hollow  piston-rod, «,  bears  the  piston  head,  a,  in  the 
cylinder,  v,  A  handle,  Uy  is  formed  on  the  pipe,  and  others,  h^  on  the  cjlin- 
der.  The  ends,  h'  h''^  of  the  cylinder  should  be  convex  or  concave  to  give 
stiffness  to  the  sheet  metal  of  which  they  in  this  instance  are  formed. 
Also  at  the  end,  &',  the  piston-head,  a,  is  prevented  by  the  convexity 
from  approaching  too  close  to  the  piston  rod  passage  or  its  packing  at 
the  neck  of  the  cylinder,  thus  tending  to  keep  the  piston  parallel  with 
the  cylinder  or  prevent  its  rocking  in  the  same.  The  sides  of  the  cyl- 
inder are  preferably  doable,  in  order  that  bruises  of  the  outer  wall 
may  not  affect  the  smoothness  of  the  innei^  wall,  and  for  other  purposes. 
Thf  valves  are  of  the  kind  described  for  my  bellows  heads  above. 
These  incurrent  valves  are  made  near  the  ends  of  the  cylinder,  at  oo^ 
and  they  act  in  alternation. 

The  piston-head  has  flexible  margins,  which  hug  the  cylinder  loosely, 
but  more  tightly  under  the  air  pressure.  To  make  these  margins  a  belt 
of  flexible  material,  broader  than  the  head,  a,  has  its  center  shrunk  by 
a  tight  wire  into  a  groove  in  the  circumference  of  the  head,  or  a  pair 
of  flexible  cups  may  be  used  joined  base  to  base.  The  head  is  free  to 
slide  on  the  piston-rod  for  a  very  short  space  between  the  two  annular 
flanges  or  bearings,  which  may  be  alternately  applied  to  their  packings 
on  the  head.  These  packings  could  be  free  or  attached  to  the  flanges. 
It  may  be  observed  that  ^hen  the  head  is  against  the  one  flange  there 
is  left  open  an  entrance  between  the  head  and  the  other  flange  as  an 
inlet  from  one  end  of  the  cylinder  into  the  piston-rod  and  blast  pas- 
sage ;  also  that  when  the  head  is  against  the  other  flange  said  entrance 
is  shut  off  from  that  end  of  the  cylinder,  and  there  is  uncovered  another 
opening  at  the  opposite  sidQ  of  the  head  as  an  outlet  from  the  other  end 
of  the  cylinder  into  the  hollow  piston  and  blast-pipe.  When  either  the 
cylinder  or  the  piston  rod  is  moved  reciprocatingly  with  reference  to 
the  other  the  pipe  inlets  are  alteroately  opened  and  closed,  the  slip- 
head  of  the  piston  acting  as  a  valve  in  opposition  to  the  end  valve#,  so 
that  both  strokes  of  the  piston  or  cylinder  discharge  the  blast,  making 
it  constant.  A  piston-rod  with  a  single  inlet  may  be  used,  so  placed 
that  the  slip  causes  it  to  appear  flrsi  on  one  side  of  the  head  and  then 
on  the  other.  The  pump  is  calculated  to  be  worked  by  the  two  hands, 
one  hand  at  u,  holding  the  piston  or  blast-pipe,  while  the  other  hand 
at  h  moves  the  cylinder,  v,  back  and  forth.  Where  this  sort  of  x>anip 
is  combined  in  machines  any  method  of  giving  reciprocating  motion  in 
such  machines  will  answer  for  operating  it. 

In  this  connection  it  may  be  well  to  state  that  Mr.  Henry  Huhphre> 
ville,  of  Mountville,  Pa.,  patented  in  1880, 1881,  and  1882,  (No..  251886), 
some  air-pumps  for  spray-dampeners,  the  latter  being  very  simple,  but 
not  specially  adapted  for  spraying  upon  plants,  since  only  the  okl-fash- 
ioned  atomizing  principle  is  used,  and  not  in  such  shape  as  to  discharge 
upward.  There  are  many  air-pumps  in  the  market,  but  such  as  are 
specially  needed  for  fleld  use  have  not  yet  appeared  in  the  trade.   That 
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ihown  in  Plate  XXXY,  Fig.  2,  as  mannflEtctared  by  Messrs.  Kumsey  & 
Co.,  of  Seneca  Falls,  N.  Y.,  may  be  given  as  typical  of  those  most  com- 
monly on  sale.  It  is  sosceptible  of  attachment  to  the  frame  of  any 
vehicle  or  machine.  The  •  cylinder,  o,  lever-fulcrnm  and  piston-rod 
guide,  o,  are  attached  by  logs  to  the  board,  b.  The  bra^e,  i  {,  has  a 
link-shaped  pitman,  i  o,  communicating  its  motion  to  the  piston-rod,  r. 
At  9  is  the  discharge,  which  may  be  coupled  by  hose  or  otherwise,  with 
a  blast  feeder  and  its  distributing  accessories  for  dispersing  poison. 
Air-pomps  for  other  purposes  are  noticed  below. 

D.— GENERATOR  BLOWERS. 

[Plate  XXXVII.] 

The  feeding,  atomizing,  and  distributing  devices  already  described  in 

other  kinds  of  blowers  may  be  operated  by  steam  blasts,  and  for  this 

purpose  can  be  combined  with  any  ordinary  generator  that  will  supply 

rolnme  enough  of  steam  and  serve  therewith  as  a  force- medium.    Many 

special  ei^amples  of  such  combinations  might  be  described,  but  only 

I     one  will  be  noticed  as  appearing  in  the  description  below. 

f       "  The  Steinfnann  Vaporizer. — ^This  was  invented  by  Mr.  Charles  Stein- 

;     mann,  of  Napoleonville,  La.  (patent  No.  74165,  February  4, 1868).    Its 

i     character  may  be  thus  briefly  given  :  Steam  is  raised  by  a  transportable 

\     steam-boiler,  and  issues  from  a  series  of  jet-pipes  or  nipples.    At  the 

same  time  some  cheap  oil,  as  kerosene,  lard,  or  cotton-seed  oil,  is  made 

to  drip  from  a  reservoir  over  the  orifices  from  which  the  steam  escapes. 

;     The  oil  is  thus«vapori^ed  and  envelops  the  rows  of  plants  between  which 

the  machine  is  to  be  drawn.    The  inventor  claims  that  the  vapor  kills 

b    the  worms  without  injuring  the  plant,  and  that  oue  application  will  pro- 

l    tect  the  field  for  the  rest  of  the  season,  and  that  his  invention  '  upon 

its  general  use  will  finally  exterminate  every  tribe  of  insect,'  &c.    It  is 

hardly  necessary  to  say  that  the  two  latter  claims  are  Utopian  and  ex- 

^  travagant. 

^^The  following  is  a  description  of  this  machine  in  the  inventor's  own 
words;  the  Plate  XXXYII,  Fig.  1,  being  a  side  elevation,  and  Fig.  2, 
a  rear  end  view  of  the  machine : 

"ArepreMDt8  the  receiver  or  reseryoir  to  contain  the  oil,  and  B  a  funnel  for  Bupply- 
iQg  the  boiler  with  water,  and  which  connects  directly  with  a  heater,  E,  that  is  placed 
on  top  of  the  boiler,  instead  of  with  the  boiler  proper,  in  which  heater  a  supply  of 
viter  is  always  kept,  to  be  heated  by  the  radiation  of  heat  from  that  part  of  the 
^iler  or  shell  of  the  boiler  on  wbioh  it  rests.  The  interior  of  the  heater  is  connected 
▼itbtbe  interior  of  the  boiler,  P,  by  two  pipes,  H  and  O,  which  are  each  provided 
^itb  a  stop-cock«  By  this  mode  of  connection,  the  water  in  the  heater  can  be  re- 
taiQ«d  or  driven  into  the  boiler  at  pleasure,  it  being  only  necessary  to  keep  the  cocks 
dosed  to  retain  it,  or  to  open  them  to  force  the  water  into  the  boiler.  The  latter  re- 
^^t  is  accomplished  by  the  pressure  of  the  steam  through  pipe,  H,  the  water  going 
JWo  the  boiler  through  pipe,  O.  Whenever  the  water  is  thrown  out  of  the  heater  into 
"^^  boiler,  the  former  should  be  refilled  through  the  funnel,  B,  the  stop-cock,  in  the 
^^  pipe,  R,  to  wtfich  it  is  attached,  being  opened  to  allow  the  water  to  eixt^t.    Ou 
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top  of  the  boiler,  at  some  point  between  its  rear  end  and  the  heater,  £,  a  perpendicalj 
pipe,  C,  is  inserted  into  it,  which  pipe  should  be  long  enough  to  carry  its  upper  en 
to  a  height  somewhat  above  the  tallest  cotton-plants.  The  pipe,  C,  is  provided  wit 
a  stop-cock,  D,  and  connects  at  its  upper  extremity  with  a  cross-pipe,  M,  of  the  foni 
as  shown  at  Fig.  2,  and  to  approach  very  near  the  ground  at  both  its  ends.  In  thsi 
portion  of  the  pipe,  M,  that  is  horizontal  are  two  stop-cocks,  one  upon  either  side  ol 
the  point  of  connection  with  pipe,  C,  which  serves  the  purpose  of  stopping  the  imu 
of  steam  either  entirely,  or  upon  one  side  only  of  the  machine.  At  a  point  near  and 
below  the  flexures  or  elbows  of  the  pipe,  M,  at  which  it  turns  towards  the  ground,  on 
both  sides  of  the  machine,  and  from  this  point  down  to.  the  two  extremities  of  the 
said  pipe,  at  short  intervals,  are  inserted  suiall  short  pipes,  a,  which,  diminishing  is 
size  to  their  extremities,  where  they  come  very  nearly  to  a  point,  serve  as  vents  (» 
Jets  for  the  escaping  steam  when  the  machine  is  in  operation.  Placed  alongside  the 
pipe,  M,  in  front  of  it,  and  in  contact  with  it  everywhere,  excepting  only  for  a  little 
space  near  its  top  part,  where  it  bends  forward,  as  shown  at  Fig.  1,  is  another  pipe, 
K,  exactly  corresponding  with  pipe,  M,  in  size  and  shape,  and  provided  with  the 
same  number  of  precisely  similar  jet-pipes,  a,  that  are  so  placed  as  to  be  exactly  oTei 
the  corresponding  jets  in  pipe,  M,  that  is  to  say,  at  their  extremities,  and  in  thi 
closest  possible  contact 'therewith.  The  object  of  this  is  to  insure  the  dripping  ol 
the  oil  over  the  orifices  from  which  the  steam  escapes.  Over  the  center  of  the  appei 
and  horizontal  section  of  pipe,  K,  and  conn  acting  therewith  b^'  a  short  pipe,  d,  is  plsce^ 
the  reservoir  A  for  oil.  Stop-cocks  in  the  pipe,  E,  near  to  and  upon  each  side  of  itu 
pipe,  d,  prevent  a  flow  of  oil  down  either  end  of  said  pipe,  K,  or  permit  it  to  flow  inU 
both  or  only  one  end,  as  occasion  may  require,  at  the  pleasure  of  the  operator.  A  pUt 
form  in  front  of  the  boiler  or  furnace  is  provided  on  which  a  supply  of  fuel  may  U 
carried,  a  light  railing  or  lattice-guard  on  the  sides  of  the  platform  protecting  it.  A 
driver's  seat,  P,  is  placed  on  this  platform,  under  which  a  vessel  of  oil  may  be  carriedi, 
as  well  as  other  things  needed  in  the  operation  of  the  machine.  This  invention  mi^ 
be  of  any  dimensions,  to  be  drawn  by  one  or  more  hoxaes, " 
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NEBT  AND  DBVICBS  FOB  THE  DESTRUCTION  OF 

THE  WOBM.— Continued. 

IV.— PHEVKATIO  COMPBESSIOH  SQUIBTEBS. 

as  devices  can  be  engaged  to  produce  air,  gas,  or  vapor  pres- 
on  the  liquid  in  a  tight  reservoir  to  eject  the  liquid  contained, 
bi  pneumatic  compression  ejectors  may  be  used  instead  of  force- 
with  the  various  distributers  of  poison  to  constitute  insecticide 
s.  These  I  have  classified  under  four  subsections,  viz: 
pansion  generators.  2.  Botary  force  blasts.  3.  Oscillating 
tic  bellows.    4.  Pneumatic  reciprocating  pumps. 

ION  OENEBATOBS  OF  GAS,  HOT-AIB,  FUME,  OB  VAPOR  PRESS- 
XJRE,  AS  mSEOTICIDE  SQUIBTEBS. 

[Plate  XXXV.] 

cpansile  power  from  the  generation  of  these  states  of  matter  is 
by  substituting  a  generator  for  the  force-pump  or  bellows  of 
iratuses elsewhere  described.  Insuch  combinations  I  have  found 
pressure  process  to  work  very  satisfactorily.  By  the  methods 
1  it  will  be  one  of  the  easiest,  most  economic,  and  most  effectual 
applying  insecticides. 

ressure  generators  have  been  used  with  great  success  in  small 
Dguishers.  The  employment  of  these  or  similarly  constructed 
nses  has  been  suggested  for  squiiting  poison  on  crops.  The  ex- 
r  such  machines  and  their  chemicals  has  proved  too  great,  and 
in  their  operation  a  great  waste  of  the  gas,  and  of  the  chemicals 
oes  the  crop  no  good  and  which  can  be  avoided  by  a  different 
According  to  which  the  gas  is  generated  and  its  pressure  ap* 
r  squirting  poison  in  a  more  economic  manner.  By  fire-extin- 
3  the  chemicals  and  the  gas  itself  are  partly  squirted  away  with 
id.  These  are  not  mixed  with  the  liquid  in  the  generator  which 
eriments  led  me  to  prefer.  The  gas  is  passed  in  on  top  of  the 
pressing  it  downward  in  the  barrel  or  reservoir  from  the  base 
ii  it  squirts  out  through  a  simple  or  branched  pipe  or  pipes  and 
rminal  nozzles. 

)nic  anhydride  is  the  most  cheaply  and  easily  made  and  used.  This 
prepared  by  the  action  of  sulphuric  acid  on  bicarbonate  of  soda, 
ates  of  lime,  as  marble  dust,  &c.,  and  vinegar  or  other  acids 
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may  be  used,  bat  sulpkuric  acid  and  the  bicarbonates  are  cheaper  and 
better.  The  salpharic  acid  retails  at  about  5  cents  per  pint;  wholesale, 
2^  cents.  Marble  dust,  so  extensively  used  in  preparing  soda  water, 
is  the  cheapest  carbonate,  costing  only  I  cent  per  pound,  but  is  not 
economical  in  these  small  generators  in  view  of  its  bulk  and  slowness 
of  action.  The  bicarbonate  of  soda,  which  works  best,  sells  in  qaanti- 
ties  at  4  cents  per  pound.  After  decomposing  it  the  residue  is  sodicsnl- 
phate  or  Glauber's  salts,  which  has  a  little  value  (about  1  cent  per  pound) 
and  may  be  saved.  My  experiments  indicate  that  1^  pounds  salpharic 
acid,  $0.07,  to  2  pounds  bicarbonate  of  soda,  $0.08,  total,  $0.15,  uixed, 
will  squirt  40  gallons  6  feet  high  over  I  acre  at  a  cost  of  15  cents. 
Forty  gallons  is  the  amount  of  water  which  has  heretofore  been  applied 
to  the  acre;  but  I  have  shown  that  an  acre  may  be  poisoned  by  one- 
third  this  quantity  with  my  eddy  jets,  which  reduces  the  above  cost  of 
chemicals  and  labor  to  about  5  cents  per  acre.  This  includes  the  labor 
since  the  driver  can  easily  attend  to  the  generator.  Where  the  reser- 
voir is  high,  and  when  the  cotton  is  of  average  height  or  lower,  a  part 
of  this  chemical  force  and  expense  will  not  be  necessary.  Also  the  acid 
will  cost  only  one-half  the  above  price  if  bought  at  wholesale  rates,  as 
it  can  be  where  several  pounds  are  needed  which  almost  invariably  is 
the  Qase  on  ordinary  plantations  and  large  ones.  JThus  the  gas-pres- 
sure process  is  made  economic,  and  indeed  very  cheap.  The  ease  of 
this  method  also  strongly  commends  it.  The  management  of  the  gen- 
erator involves  almost  no  labor  at  all.  It  can  be  attended  to  by  the 
driver  without  stopping  and  no  assistance  is  needed.  The  appliances 
designated  below  settle  the  question  of  practicability. 

Since  ordinary  tight  reservoirs  with  branching  pipes  and  nozzles,  as 
have  been  already  described,  can  be  used  in  this  process  for  distribating 
the  liquid  it  will  be  in  order  at  once  to  give  special  attention  to  the  ap- 
paratus and  materials  for  generating  the  pressure. 

The  generator  need  not  be  expensive,  and  for  the  slight  pressure  re- 
quired in  sprinkling  the  under  surfaces  of  plants  great  strength  or 
weight  is  not  necessary,  while  a  large  sheet  metal  can  or  stout  barrel 
serves  as  a  reservoir.  Beer,  wine,  whisky,  or  kerosene  barrels  answer. 
The  generator  consists  of  two  chambers,  one  for  the  acid,  the  other  for 
the  substance  it  is  to  act  upon,  and  so  arranged  that  by  tippifig  one  or 
both  of  the  chambers,  or  by  adjusting  a  shut-off  between  them,  one  of  the 
materials  can  be  fed  into  the  other  in  any  proportion  or  at  any  momen) 
desired,  to  control  the  pressure  at  will.  These  chambers  may  be  con- 
nected end  to  end,  side  by  side,  or  one  partially  or  totally  inside  the 
other,  or  otherwise.  In  small  generators  they  ought  to  carry  at  least 
enough  chemicals  to  eject  forty  gallons ;  that  for  pure  or  diluted  acid 
having  a  capacity  for  one  quart  or  tyo  x>ounds  or  more,  and  the  other 
for  the  carbonate,  or  carbonate  and  water,  to  hold  two  or  three  qnarts^ 
since  it  is  better  to  have  the  carbonate  in  excess  and  to  addenoogh 
w:ater  to  wel  it  thoroughly.    A  simple  plan  is  to  pat  the  acid  in  an  via* 
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led  bottle,  or  otber  vessel,  contained  in  a  larger  tight  jar  or  vessel 
1  the  bicarbonate  between  the  two,  so  that  by  tipping  the  whole  more 
ess  of  the  acid  is  turned  into  the  carbonate. 

late  XXXV,  Fig.  3,  shows  a  plan  for  generators  of  this  kind,  in 
ich  the  acid  bottle,  a,  in  the  interior  is  sarrounded  by  the  bicarbonate, 
a  an  ordinary  two-quart  fruit  jar  with  a  lead  screw-cap  perforated 
the  outlet  spout,  c,  for  exit  of  the  gas  which  is  conducted  through 
hose,  hj  into  the  top  of  the  barrel  or  reservoir  containing  the  poison, 
having  the  two  chambers  thus'  compactly  conjoined  the  apparatus 
iimple  and  handy  as  a  small  generator. 

)ut  there  are  certain  advantages  in  having  the  two  chambers  separate 
1  connected  by  means  of  a  flexible  tube,  and  this  construction  is  surely 
5  often  to  be  preferred  for  large  generators,  when  a  cheap  home-made 
paratus  is  wished.  The  short  piece  of  flexible  tubing  should  be  of 
Dd  rubber,  and  although  the  acid  corrodes  it  somewhat,  it  will  endure 
one  season  at  least,  when  a  new  piece  can  be  substituted  at  a  trifling 
It.  Fig.  4  in  plate  XXXV  shows  this  apparatus.  The  jar,  f,  contains 
)  bicarbonate,  h.  Its  screw-cap,  f,  is  made  of  lead.  From  this  is  a 
d  outlet  tube,  a,  coupled  to  the  reservoir,  r,  of  poison,  p.  The  cap  is 
o  perforatffd  by  the  lead  tube,  j,  coupled  to  the  hose,  /t,  leading  from 
)  acid-bottle,  a.  The  latter  is  to  be  elevated  and  inclined  by  one  hand 
pour  the  acid  into  the  bicarbonate.  Thus  at  intervals  a  few  minutes 
irt  a  little  acid  is  added.  When  the  driver  sees  that  the  spray  is  not 
ng  as  high  as  desired  he  applies  a  little  splash  more  of  the  acid  to 
rease  the  pressure.  This  is  one  of  the  easiest  ways  in  the  world  for 
"aying  poison.  It  is  really  more  pleiisure  than  labor.  In  the  gen- 
itiir,  t  by  considerable  heat  is  evolved  and  it  will  often  become  too  hot 
be  handled.  Ou  this  account  it  had  better  be  so  fixed  that  it  need 
t  be  touched  and  its  temperature  may  be  kept  down  by  keeping  it 
t  It  is  easily  hauled  or  carried  in  a  bucket  containing  some  water 
th  a  little  soft  packing  material  beneath  and  around  it.  The  less  the 
lonnt  of  water  mixed  with  the  bicarbonate,  the  less  heat  will  be  gen- 
ited,  but  enough  water  should  be  employed  to  wet  the  soda,  other- 
se  the  sodic  sulphate  formed  by  the  chemical  process  arises  as  a  crust 
id  keeps  the  acid  from  reaching  the  remainder  of  the  bicarbonate, 
Qs  retarding  or  stopping  the  generation  of  gas. 
These  pressure  generators  are  cheap,  of  simple  construction,  easily 
iderstood  and  used  by  any  one,  while  the  action  is  under  perfect  con- 
ol,  and  danger  from  bursting  does  not  exist.  There  is  no  need  of 
itting  in  too  much  acid  and  running  the  pressure  too  high. 
The  rubber  gum  hose  is  stout  enough  to  squirt  the  poison  as  high  as 
seded,  but  the  gum  will  give  way  and  bnrst  before  a  pressure  if  any 
inger  is  attained.  Thus  there  is  nothing  to  fear  from  explosions. 
The  acid  is  a  very  injurious  poison  and  should  be  handled  with  great 
i^cretion;  but  the  bicarbonate  used  with  it  is  always  at  hand  as  a  sure 
Dtidote,  and  on  the  ground  of  its  being  dangerous  the  acid  is  no  mot« 
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injarioas  or  objectionable  than  Paris  green,  other  arsenical  poisons, 
hellebore,  ,&c.,  which  are  in  common  use.  The  snlpharic  aeid  shoold 
be  labeled — 


POISON  1 1 

SULPHURIC 

Acn). 


^ 

^ 


In  case  it  gets  npon  clothing  it  burns  a  hole  through,  and  dhonld  t>^ 
treated  quickly  with  bicarbonate  of  soda,  hartshorn,  or  soap.    Wh^u 
upon  the  skin  the  same  may  be  applied  or  it  can  be  washed  oflf  quick  Jj 
by  water,  but  if  by  accident  it  be  drunk,  avoid  taking  water ^  but  swallow 
quickly  either  raw  eggs,  any  albumiuous  substances,  carbonate  of  mag- 
nesia, of  calcium,  of  potassium,  or  of  soda;  also,  chalk,  soap,  or  whitingin 
milk  may  answer;  but  finally  in  all  cases  oil  should  be  taken  in  full  dose. 
The  acid  ought  never  to  be  left  in  a  vessel  such  as  a  child  or  grown  iiersou 
might  suppose  to  contain  water  or  some  beverage-;  also  a  card  bearing  all 
the  above  instructions  ought  to  be  given  with  each  vessel  containing  the 
acid,  and  be  always  carried  with,  but  not  in»contact  with,  the  vessel  or 
the  acid  which  would  destroy  it.    The  materials  for  generators  are  pref- 
erably glass  or  lead,  substances  which  are  not  impaired  by  the  acid. 
Glass  is  liable  to  breakage,  'but  very  stout  glass  may  be  used  and  it  is 
more  satisfactory  tobeableto  see  the  interior  readily  to  observe  the  action 
and  quantities  of  the  substances  within,  and  especially  the  amount  of 
acid  being  poured.    To  render  the  glass  less  likely  to  break,  each  vessel  is 
'  protected  by  a  frame  to  deaden  the  impact  of  any  blows  it  may  receive. 
The  vessel  is  guarded  as  lanterns  are  by  a  metallic  frame,  or  as  coal- 
oil  cans  are  now  made  of  glass 'with  corrugated  sheet-metal  cages,  as 
carboys  are  by  a  net-work  of  cordage,  as  demijohns  are  by  wicker- 
work,. though  preferably  of  a  more  open  character.    But  simple  wooden 
encasements  are  easily  made  of  end-blocks  connected  by  longitudinal 
jilats,  as  in  l^late  XXXV,  Fig.  4a,  or  otherwise.    When  either  vessel  or 
chamber  is  made  of  metal  it  is  preferably  a  lead  cylinder,  tube,  bottle, 
or  can.     Although  any  metallic  acid  receptacle  is  necessarily  of  lead, 
that  for  the  generator  is  kept  alkaline  by  the  excess  of  bicarbonate  in 
it,  so  it  corrodes  far  less  and  endures  a  long  time  of  whatever  metal  it 
be  composed.    There  are  several  ways  in  which  the  apparatus  is  made 
of  metal,  and  some  of  these  must  be  noticed  briefly.    A  good  metallic 
chamber  as  acid  bottle  or  generator,  or  both,  is  made  of  a  cylinder  or 
section  of  pipe  constructed  to  open  at  one  or  both  ends  by  a  plug  or 
cap.    A  screwcap  is  generally  preferable.    Beneath  it  a  packing  ring 
or  plate  may  be  clamped.    This,  if  iron  be  used,  will  keep  the  acid 
from  eating  the  screw-thread  and  the  other  thick  parts^  of  the  iron  en- 
dure a  long  time.    The  cap  is  perforated  by  a  tube,  or  tubes,  to  com- 
municate with  the  other  vessel  or  vessels. 
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Several  years  ago  while  teaching  chemistry  I  made  a  gas  generator 
on  this  plan,  and  it  gave  x>erfect  satisfaction.  Where  other  gases  are 
med,  sach  as  are  generated  by  heat,  such  a  metal  generator  is  very 
essential.  The  generator  chamber  needs  to  be  cleared  oat  or  charged 
occasionally,  and  this  is  not  easily  accomplished,  unless  its  end  opens 
entirely  by  a  removable  plug  or  cap.  The  metal  chamber  can  be 
roQghly  jarred  or  gouged  out  with  no  resultant  breakage.  The  acid 
chamber  oaght  preferably  to  have  its  neck  or  mouth  provided  with  a 
metallic  lead  cock  or  other  secure  non-corrosible  shut-off  device. 

ROTARY  FORCE-BLAST,   COMPRESSION  EJECTORS. 

The  rotary  force  blast  blowers  have  not  yet  been  utilized  in  insecti- 
cide machines. 

OSCILLATINa  BELLOWS,  PNEUMATIC  COMPRESSION  EJECTORS. 

[Plate  XX;XV.] 

The  bellows  recommended  for  blowing  powder  and  atomizing  liquids 

can  also  be  used  for  producing  air-pressure  in  a  tight  reservoir  to  eject 

the  hquid  contained ;  and  in  this  way  may  serve  as  a  substitute  for  a 

force-pump  or  gas  generator.    The  bellows  should  be  small  and  very 

strong,  that  an  unusual  amount  of  power  may  be  applied  to  do  this 

work.    In  order  to  avoid  resuction  of  the  blast  back  into  the  bellows 

md  to  be  able  to  produce  a  constant  condensation  in  the  reservoir  an 

excnrrent  valve irom  the  bellows  must  be  interposed  between  it  and  the 

reservoir.    By  such  means  parties  having  a  bellows  for  atomizing  can 

also  apply  it  as  a  machine  to  squirt  liquid  for  poisoning  or  irrigating, 

fee,  and  its  notice  here  may  in  some  cases  prevent  the  purchase  of  a 

CoToe-pump  when  not  necessary.    Also  experiment  with  such  devices 

may  show  that  they  are  preferable  to  pumps  in  some  squirting  machines. 

Since  many  prefer  the  application  of  dry  x>owder  in  rainy  weather,  and 

of  wet  poison  in  dry  weather,  such  parties  can  make  a  bellows'  answer 

for  both  methods.    The  bellows  may  be  worked  beneath  the  foot,  and 

the  weight  of  the  operator's  body  can  thus  be  used,  which  will  be  found 

more  pleasant  than  th^  exertion  of  arm<power.    Machines  for  squirting 

by  bellows- pressure  are  now  articles  of  trade,  and  in  use  chiefly  for 

forcing  beer,  &c.,  from  barrels.    So  far  this  use  of  the  ordinary  bellows 

only  promises  to  be  practical  where  small  pressure  will  answer. 

The  simple  process  is  indicated  in  Plate  XXXV,  Fig.  5.  The  bellows, 
^  operated  by  the  lever,  by  foot,  by  hand,  or  machinery,  discharges 
through  its  excnrrent  valve  and  the  pipe,  fc,  into  the  top  of  the  barrel,  r, 
whereby  the  air  compressed  in  r  forces  the  liquid,  f,  downward,  causing 
its  ejection  through  the  outlet  tubes,  n  or  m-nt.  Nozzles,  ««,  may  be 
Collected  to  the  outlet  tubes  in  any  suitable  number  or  by  any  system 
<)f  oonplings  or  pipes.  There  are  other  ways  ef  combining  the  bellows 
^th  the  reservoir,  but  only  one  simple  illustration  can  \)e  gvveii\i%c^ 
63  CONG 17 
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BBCTPROOATINO  OB  PISTONED,  PNEUMATIC  SQUIBTERS. 

[PlateB  XXXV  to  XXXVII.  ] 

In  such  apparatus  as  has  just  been  alladed  to  for  sqairting  liquid  by 
producin<?  air-pressure  upon  it,  a  piston  air-pump  may  be  substituted 
in  place  of  the  bellows  or  generator.    Indeed,  the  air-pump  is  a  most 
powerful  machine  for  this  work,  and  is  preferable  to  ordinary  oscillat- 
ing bellows  where  high  pressure  is  desired.    On  the  other  hand  air- 
pumps  have  been  more  expensive.    One  reason  for  this  is  because  their* 
mechanical  execution  involves  very  accurate  turning  and  fitting.    Bat 
they  may  be  made  in  a  cheaper  simplified  style,  available  for  squirting, 
as  has  already  been  shown  in  my  pump,  illustrated  in  Plate  XXXV, 
jFig.  1,  and  explained  on  page  — .    That  pump  is  operated  in  the  po- 
«iition  shown  by  seizing  its  side  handles  with  both  hands  and  thus  mov- 
ing the  cylinder  up  and  down.    The  same  is  also  worked  substitutivelj 
by  machinery,  by  a  lever,  or  by  a  single  or  double  acting  pedal.   When 
the  single-acting  pedal  is  employed  it  is  especially  of  value  to  use  a 
Sarge  spiral  spring  inside,  to  cause  the  return  stroke  by  it^  recoil. 

An  inverted  air-pump,  worked  by  a  pedal  linked  to  the  piston-rod 
and  having  pipe  connections  with  a  barrel  for  forcing  out  beer,  &c.,  is 
manufactured  by  the  Worswick  Manufacturing  Company,  Clevelaud, 
Ohio,  and  is  sold  under  the  name  ''  Bellows  No.  2.'' 

Also  an  apparatus  available  for  similar  purposes  is  manufactured  by 
Mr.  H.  Weindel,  of  405  Noi'th  Fourth  street,  Philadelphia. 

Air-pumps  that  may  be  used  in  combination  with  squirting  apparat- 
uses, and  worked  by  hand-lever  or  crank,  are  manufactured  by  Messrs. 
Eumsey  &  Co.,  of  Seneca  Falls,  N.  T.,  and  Messrs  W.  &  B.  Douglas, 
•of  Middletown,  Conn.  They  are  strong  and  show  good  workmanship. 
One  of  the  simplest  and  cheapest  of  these  is  that  illustrated  in  Plato 
XXXV,  Fig.  2,  and  described  above.  Its  spout,  «,  and  the  barrel,  r, 
should  be  connected  to  the  pipe,  k. 

An  interesting  machine  of  this  class  is  that  patented  (No.  200376) 
^February  19,  1878,  by  Mr.  W.  J.  Daughtrey,  of  Selma,  Ala.  Concern- 
Hng  it  and  the  matter  quoted  below  from  Bulletin  No.  3,  the  following 
{Should  be  added.  His  patent  papers  mark  an  important  epoch  in  the 
aiistory  of  the  methods  of  poisoning  the  Cotton  Worm,  since  they  em- 
l)ody  the  first  presentation  published  or  on  record  of  the  idea  that 
poison  should  be  applied  to  the  under  surfaces  of  the  cotton  foliage,  and 
in  the  finest  spray  possible.  These  ideas  are  there  set  forth  in  the^ 
strongest  manner  by  Mr.  Daughtrey  in  the  following  language : 

"As  the  lower  sides  of  the  plant-leaves  are  generally  infested  by  the  vennin,  th^ 
nozzles  are  so  arranged  as  to  force  their  fine  sprays  npward,  bat  they  may  with  litti 
jabor  be  set  or  arranged  to  deliver  their  sprays  almost  in  any  direction  desirable.  A- 
the  lower  sides  of  the  leaves  are  more  susceptible  of  retaining  moisture,  my  meth< 
of  forcing  the  poisonous  spray  upward  will  suit  the  majority  of  cases,  as  the  purpcicw  ■ 
is  to  keep  the  poison  in  direct  contaet  with  the  food  of  the  vermin,  and  so  insure  tt^»'* 
destruction  of  the  latter.  *  •  •  I  am  aware  that  sprinklers  have  l>een  made  ai"»^' 
used  for  spriDkling  plants,  but  in  such  cases  the  shower  of  drops  is  too  heavy  to 
retained  by  the  plants,  and  conaeqxieiitly  t'bft  ^c«8Aat  ^«ct.  oiVXic^^bLOwer  glides  off  C 
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leaves  and  is  deposited  in  tbe  ground  which  is  thereby  poisoned  and  rendered  uutit 
for  the  growth  of  the  plants,  while  the  waste  of  labor  and  material  can  hardly  be  com- 
pensated by  the  benefit  of  such  a  mode.    Fine  showers  without  artificial  pressure  have 
Hao  been  adopted ;  but  by  this  mode  the  small  drops  have  not  enough  power  to  pen- 
etrate the  minute  fur  or  other  protective  coverings  or  coatings  of  the  under  side  of 
the  leaves,  and  consequently  accumulate  and  form  drops  too  large  to  be  sustained  by 
the  leaves,  and  so  fall  to  the  ground.    Such  fine  showers  have  been  created  by  means 
af  fine  orifices  which  are  easily  obstructed,  and  deliver  but  a  very  small  quantity  of 
liquid.     The  openings,  nt,  in  my  improved  nozzle,  N,  are  large  in  comparison  with  the 
aforesaid  orifices  and  deliver  a  great  quantity  of  liquid,  so  that  the  machine  may  be 
moved  at  the  usual  gait  of  the  team  without  failure  of  the  necessary  supply.     The 
spray  produced  by  the  two  inclined  streams  meeting  outside  of  the  nozzle,  N>  is  at  once 
copioos,  powerful,  and  extremely  fine,  the  latter  especially,  because  the  small  drops 
created  by  the  concussion  of  the  two  streams  spread  in  *e very  direction,  while  in  a 
small  single  orifice  they  propel  one  another  in  only  one  line  and  in  close  succession.'^ 

No  one  ever  stated  or  demonstrated  the  modern  trne  theory  of  treat- 
ment for  the  Cotton  Worm  more  fully  and  clearly  than  did  Mr.  Daugh- 
trey,  its  originator.    Indeed,  no  advance  whatever  was  made  In  this 
particular  direction  of  spraying  from  beneath  until  after  I  was  em> 
ployed  by  Professor  Kiley  on  the  United  States  Entomological  Commis- 
sion. '  The  problem  of  thus  spraying  from  below  with  simpler  and  more 
satisfiactory  methods  was  one  that  he  had  at  heart  and  with  which  I 
was  charged,  and  have  labored  at  not  only  while  on  the  staff  of  the 
Commission  but  subsequently  during  my  leisure  time  and  vacation 
while  acting  professor  of  entomology  and  invertebrate  zoology  at  Cor- 
nell University.    In  fact,  the  more  compound  machines  described  in  parts 
of  this  report  were  invented  and  built  while  I  was  in  Ithaca  and  during 
which  time,  though  the  cost  of  material  and  construction  was  paid  for 
hy  the  commission,  I  received  no  pay. 

By  the  results  as  exemplified  in  this  report  it  is  shown,  contrary 
to  Mr.  Daughtrey^s- recorded  views:  (1)  That  the  largest  discharge- 
outlet  for  the  finest  spray  is  attained  otherwise  than  by  the  two  con- 
^^^^g  jets ;  (2)  that  instead  of  two  descending  hooked  pipes,  or  one 
carried  twice,  one  in  each  interspace  between  the  rows  is  preferable 
and  to  use  descending  Y'^^rks  and  one-fourth  as  many  or  one  with 
two  sprays  in  each  alternate  space  will  answer  j  (3)  that  whether  the 
converging  jet  outlets  or  any  reverbratory  chamber  outlet  or  outlets 
for  the  jets  be  used,  the  opening  is  best  made  laterally  through  the 
^all  of  the  tube  and  not  directly  from  its  end,  but  most  preferably  from 
^^^  wall  of  a  reverbratory  cavity,  or  from  the  side  of  the  inlet  thereto. 
His  machine  also  introduces  in  insect  destroyers  a  new  method  of 
^^ping  the  poison  mixed  with  the  water,  expressed  as  follows : 

'Id  leaving  the  openings,  i?,  the  air  makes  its  way  up  through  the  water  in  the  harr^, 
^d  produces  a  continuous  and  powerful  agitation,  wherehy  the  water  is  thoroughly 
^nibined  with  its  poisonous  admixtures.'' 

Mr.  Daughtrey  has  shown  much  ingenuity  and  mechanical  skill  in 
^be  machine  which  he  invented,  to  embody  his  ideas.  He  had  developed 
^^  right  objects  in  his  mind,  but  Introduced  in  his  maokiii^  Qom\)|^c»i- 
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tion  of  stractare,  expeosivenesfs,  aud  also  some  other  featares  which 
have  prevented  it  from  coining  into  the  market.  It  is  an  eiarly  attempt 
to  introduce  air-pnmpa  and  air-pressnre  in  cotton- worm  destro^^ers. 

A  pair  of  air-pnmps  are  nsed,  but  nothing  new  is  claimed  for  their 
constmction.  The  arrangement  for  producing  the  spray  is  the  old- 
fashioned  gas  jet,  which  was  also  patented  in  1878  by  Mr.  Adolpb 
Weber,  of  Detroit,  Mich.,  as  a  nose-piece  for  spraying  water.  The 
nozzle  is  presented  in  Plate  XY,  Fig.  5,  and  its  description. 

The  following  appeared  in  the  first  edition  of  this  work,  concerning 
Mr.  Daughtrey's  invention: 

^<  The  Dafghtbet  Atomizer.— There  still  remains  one  machine 
to  be  described  in  this  connection  which  is  highly  interesting  for  several 
reasons :  Ist,  becanse  it  is  the  only  one  actually  in  use  for  the  distrib- 
uting of  the  liquid  from  below ;  2d,  because  the  construction  of  the 
pump  is  quite  peculiar  5  and,  3d,  because  the  arrangement  for  prodac- 
ing  the  spray  is  not  only  entirely  different  from  any  described  in  the 
foregoing  pages,  but  also  most  simple.  This  machine  was  invented  bj 
Mr.  William  J.  Daughtrey,  of  Selma,  Ala.  (patent  No.  200376^  Febraarj 
19, 1878).  The  accompanying  sketch  (Plate  XXXVI)  represents  it  as 
it  appears.  It  consists  in  the  main  of  a  pump,  which  is  made  self-op- 
erating by  means  of  a  pulley,  and  which  forces  air  into  the  receiving 
tank  and  into  a  compression  cylinder  connected  therewith,  thus  supply- 
ing the  pressure  necessary  for  the  production  of  the  spray.  As  will  b# 
seen  from  the  sketch,  a  transverse  distributing  pipe  is  connected  with 
a  number  (four  in  the  sketch)  of  vertical  pipes  recurved  at  the  ends, 
which  receives  the  nozzles,  one  of  which  is  represented  in  section  in 
Plate  XXXVII,  Fig.  6.  The  nozzle.  N,  which  is  screwed  onto  the  pijie, 
has  a  closed  end,  n,  provided  with  two  openings,  n',  oppositely  inclined, 
so  that  the  jets  delivered  through  them  meet  at  a  point  near  n  and  de- 
flect and  disperse  each  other  so  as  to  form  an  extremely  fine  spray. 
The  openings,  n^,  are  large  enough  to  avoid  being  obstructed  by  small 
obstacles,  and  the  spray  produced  by  the  two  inclined  jets  is  at  once 
copious  and  powerful. 

'^  The  following  is  a  more  detailed  description  of  the  machine,  very 
much  in  the  inventor's  own  words,  Plate  XXXVII,  Fig.  9,  being  a  ver- 
tical section  and  Plate  XXXVII,  Fig.  3^  a  detailed  view  of  the  azle^ — 
tree,  showing  the  parts  connected  therewith  in  section : 

"  In  the  drawings  A  repiesents  the  frame  of  a  Tehioley  B  B  the  wheels,  and  C  C^tW^ 
two  axles  constitntiDg  the  axletree,  which  have  their  bearings,  c,  fastened  below  t] 
fi'amey  A.    Between  the  bearings,  c,  the  axles,  C  C^  are  provided  with  shoulders,  < 
whereby  they  are  prevented  from  parting  with  each  other  longitudinally,  while 
socket,  <^,  at  the  inner  end  of  the  axle,  CS  incloses  the  inner  end  of  the  axle,  C, 
thereby  prevents  both  axles  from  moving  ont  of  line.    The  two  said  axles  may 
coupled  by  means  of  a  pin,  <fi,  inserted  into  the  socket,  <fl,  and  axle,  C,  but  usually  it^   i^ 
omitted,  and  the  axles,  C  C,  are  allowed  to  revolve  independently  of  each  other.  ITIm 
hubs,  b,  of  the  wheels,  B  B,  are  provided  with  set-screws,  fr^,  or  coupling-pins,  ^,  or  w  Ith 
both,  in  order  to  fasten  them  to  the  axles,  C  C^    The  use  of  the  set-screw,  fr^,  and  piu^  ^r 
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ouiy  be  dispenoed  with  to  allow  the  wheele  to  ran  loosely  on  tbe  axle,  in  which  case  a 
collar,  C,  is  placed  on  either  side  of  the  hab,  b,  with  a  eet-screw,  c*,to  keep  tbe  wheel 
ttom  eliding  longitudinally  on  its  axle.  The  described  application  of  the  wheelsy 
B  B,  to  their  axles  serves  to  enable  the  operator  to  set  them  at  any  distance  apart 
leqnired  to  suit  the  distance  apart  of  the  rows  of  any  field  to  be  operated  upon. 

*'  The  axle,  C,  is  provided  with  a  pnlley,  D,  which,  by  means  of  a  belt,  drives  a  pnlley 
on  one  end  of  a  shaft,  s.  The  shaft,  e,  rnns  in  bearings,  e^,  fastened  to  the  top  of  the 
frame.  A,  and  has  a  pulley,  E',  at  the  other  end,  which,  by  means  of  a  belt,  «^,  drives 
a  pnlley,  F,  on  a  shaft,  /.  The  shaft,  /,  is  secured  in  a  central  position  to  the  ends  of 
a  barrel,  G,  by  means  of  stnffing-boxes,  and  inside  the  barrel,  G,  is  provided  with  a 
Bdmber  of  agitator-arms,  p,  for  tbe  purpose  of  stirring  the  contents  of  the  barreL 

''  The  abaft,  e,  is  also  provided  with  an  eocentriC;  H,  which  operates  a  pump,  I,  of  ordi- 
nary ooDstruction.  The  supply-pipe,  «,  of  the  pump,  I,  is  adapted  to  have  a  hose 
ftUached  to  it  when  water  is  to  be  pumped.  The  discharge-pipe,  t',  of  the  pump,  I, 
pasBCfl  through  the  barrel,  G,  near  its  bottom  part,  and  is  closed  up  at  the  end  with  a 
plag,  which  is  removed  when  the  pipe  is  to  be  cleared. 

*'  Within  the  barrel,  G,  the  pipe,  i^,  is  provided  with  perforations,  t',  through  which 
either  air  or  water,  as  tbe  case  may  be,  is  forced  by  tbe  pump,  I,  into  the  barrel,  G. 
The  barrel,  G,  is  provided  with  an  opening  in  its  top  part,  through  which  its  charge 
i»  supplied,  and  which,  during  the  operation  of  the  machine,  Ih  closed  with  a  6crew- 
ping,  g.  The  barrel,  Q,  communicates  with  an  air-vessel,  J,  by  means  of  a  pipe,  K, 
which  has  a  valve  or  cock,  B,  for  the  purpose  of  stopping  such  communication  when 
desired. 

"The  air-vessel,  J,  has  a  spring  safety- valve, J,  of  common  construction,  which  pre- 
Tents  the  bursting  of  the  barrel,  Q,  and  the  vessel,  J,  by  too  great  a  pressure  of  air. 
A.  cock,  j',  at  the  bottom  of  the  vessel,  J,  serves  to  let  off  water  accidentally  deposited 
there. 

"  From  the  bottom  of  the  barrel,  G,  a  pipe,  L,  conducts  the  charge*of  said  barrel  to 
a  distributing-pipe,  M,  which  is  provided  with  a  number  of  small  pipes  which  are 
•oDDected  with  the  nozzles,  N,  already  described. 

"The  operation  of  this  machine  is  as  follows :  The  barrel,  G,  is  filled  with  the  liquid 

either  through  its  upper  opening,  or  while  the  machine  is  statiouary,  by  throwing  the 

belt«,  D  and  ^,  off  the  pulleys  and  operating  the  pump  by  turning  the  shaft,  f,  by  means 

if  crank-handles.    For  this  purpose  the  pump  is  provided  with  a  hose,  at  t,  for  lifting 

tb«  water  from  a  pond  or  well  near  by.    When  the  machine  is  in  motion  the  eccentric, 

H,  on  the  shaft,  e,  operates  the  pump,  I,  which  forces  air  into  the  barrel,  G,  through  the 

•peninga,  i',  of  the  pipe,  t^    In  leaving  the  openings,  P,  the  air  makes  it  way  up  through 

^  water  in  the  barrel,  and  produces  a  continuous  and  powerful  agitation,  whereby 

^«  water  is  thoroughly  combined  with  its  poisonous  admixtures.    The  air  is  led  from 

the  barrel,  G,  through  the  pipe,  E,  into  the  air-Vessel,  J,  from  which  it  exerts  its  pres- 

*^  Qpon  the  surface  of  the  water.    When  a  sufiQcient  pressure  is  obtained  the  stop- 

^^iO,  is  opened,  whereby  the  water  is  forced  into  the  pipes,  L,  M,  and  «i,^and  thence 

^^gh  the  nozzles,  N.    If  the  pressure  of  air  within  the  barrel,  G,  and  the  air-vessel, 

Ji  becomes  too  great,  the  surplus  is  let  off  by  the  safety-valve,  j,  into  the  air.    At  the 

"^e  time  the  pulley,  (fi,  moves  the  shaft,  /,  and  the  agitator-arms,  /*,  whereby  the 

Hitation  of  the  liquid  by  the  air  forced  through  the  openings,  P,  is  increased  in  force.** 

v.— SOUD  COMPBESSIOH  SQUIBTESS  OF  POISOH. 

Ill  this  group  is  incladed  (1)  Eotary  force-pamps,  (2)  Hydraulic  bellows, 
P)  Oscillating  force-pumps,  and  (4)  ReciprocatlDg  force-pumps. 

BOTABY  FORCE-PUMPS 

kive  not  yet  been  made  cheap  enough  to  compete  with  those  of  group 
^<>i   On  account  of  producing  a  steady  or  unintenuptied  d\Si&\vdx^<^ 
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and  reqairing  no  dead  points  in  their  operation  they  would  be  desiral 
especially  in  large  horse-power  machines,  yet  I  think  the  general  resa 
of  past  experience  with  them  for  other  purposes  shows  that  they  s 
less  durable  than  the  common  reciprocating  pistoned  pampa. 

HYDRAULIC   BELLOWS. 

The  hydraulic  bellows  are  closely  related  to  oscillating  pumps,  but 
not  require  the  packings  which  are  necessary  to  the  latter,  and  there 
less  friction  in  their  working.  These  are  very  simple  instruments  i 
ejecting  liquids.  They  are  really  simpler  than  most  pumps.  Yet,  he] 
tofore,  they  have  generally  not  proved  preferable,  chiefly  from  wea 
ness  or  imperfection  of  construction,  or  from  lack  of  durability  of  t 
materials  in  their  composition.  The  faults  of  constiuction  are  ovc 
come  by  the  methods  of  bellows  construction  which  I  have  designs 
and  tested  as  set  forth  in  another  part  of  this  work.  The  materials  a 
be  protectively  treated,  and  hence  the  use  of  a  small  hydraulic  bcllov 
immersed  in  a  tank  or  barrel,  or  other  vessel,  is  a  very  simple  and  pra 
tical  device  for  distributing  liquids. 

OSCILLATING  FORCE-PUMPS. 

The  oscillating  force-pump  proper  has  for  its  chamber  a  radial  se^ 
ment  of  a  cylinder.  In  it  a  radial  septum  or  one  of  its  radial  side^  i 
made  to  oscillate,  or  the  chamber  itself  may  oscillate  when  the  otbe 
part  is  fixed.  The  motion  is  solely  one  of  reverting  partial  rotation  o 
either  the  piston  or  its  chamber  with  reference  to  the  other.  Tb 
oscillating  relation  is  between  the  piston  and  its  encasement.  This  (l< 
finition  precludes  many  falsely  so-called  '*•  oscillating  pumps,''  in  whic 
the  oscillation  is  not  between  the  piston  and  its  chamber.  It  precludt^ 
all  true,  straight  cylinder  pumps.  I  have  tested  only  one  pump  of  thi 
group  suitable  for  use  in  ejectiug  poison.  It  is  patented  by  A.  6.  Brui 
and  W.  H.  Douglas,  of  Washington,  D.  C.  The  latter  gentleman  is  il 
manufacturer. 

RECIPROCATING  FORCE-PUMPS. 

These  are  most  conveniently  considered  under  four  headings:  a,  H; 
dronettes  and  Fountain  pumps ;  &,  Bucket  pumps  and  Knapsack  pumpi 
Cj  Aqnapults,  &c.;  d.  Barrel  and  Tank  pumps. 

Hydronettes  and  FOUNTAIN  PUMPS  (Plates  XXXVIII,  XXXi:3 
XL,  XLI,  and  XLIV). — Certain  hand-pumps  known  to  the  trade  umU 
the  above  names  are  capable  of  very  general  application  to  purpose 
for  which  other  special  forms  of  pumps  and  syringes  arc  used.  The 
deserve  the  following  notice  resiJectlng  their  use  in  the  tillage  of  co 
ton,  &c. : 

The  double-acting,  hand  force-pumps  that  discharge  through  a  pistot 
tube  or  hollow  piston-rod,  which  has  an  outside  capacity  equal  to  om 
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balf  the  inside  capacity  of  the  outside  cyliader,  have  been  made  under 
several  patents,  and  some  of  these  possess  a  high  degree  of  excellence. 
A  well-pump  having  tubes  of  these  relative  proportions  and  side  out- 
lets from  the  piston  to  the  upper  chamber  of  the  cylinder,  was  patented 
by  Mr.  J.  M.  May  (in  No.  25207)  on  August  23, 1859,  as ''  a  double-acting 
pump."    These  features  were  afterwards  embodied  in  the  better,  portable 
band-pumps  of  the  group  we  now  are  to  consider  more  specially.   The 
single-acting  ones,  having  tubes  with  or  without  the  proportions  named, 
are  less  de^rable  on  account  of  their  discharge  being  intermittent,  and 
they  appear  related  to  tbose  syringes  wbich  have  a  hollow-piston  dis- 
chsffge.  Such  a  syringe,  for  example,  was  patented  (No.  89362)  on  A^ml 
27, 1869,  by  Mr.  H.  Tyler,  of  Gaines,  N.  Y.    The  discharge  is  through 
a  piston-tube  terminating  in  a  rose-head  directed  to  one  side,  and  the 
whole  is  mounted  on  a  pair  of  slide-bars,  by  which  it  can  be  operated 
ii>i  applying  poison  in  or  above  trees. 

Mr.  W.  Servant,  of  Providence,  R.  I.,  patented  (No.  107633)  on  Sep- 
tember 20, 1870,  a  "  sprinkler,"  shown  in  Plate  XLIV,  Fig.  1.  It  con- 
sists of  a  portable  pump  cylinder,  y,  having  a  tubular,  discharging  piston, 
]),  working  telescopically  in  it,  all  provided  with  suitable  packings, 
valves,  a  flexible  or  jointed  suction-tube  or  hose,  /t,  and  with  inter- 
cliangable  solidjet,  8,  and  rose-nozzles,  r.  Ball- valves  were  preferably 
used  as  the  base- valves  of  the  cylinder  and  piston.  In  the  figure  c  is  the 
straiuer  entrance  to  the  suction-hose,  h,  which  is  coupled  to  the  base  of 
tlie  cylinder,  y,  in  which  glides  the  tubular  piston,  jp,  bearing  a  handle, 
>H,  and  substitutive  solid-jet  nozzle,  «,  and  spray-rose,  r.  The  nozzle 
•  oufof  use  is  carried  on  a  nib  as  at  r.  Drawing  out  the  piston  rarifies 
the  cylinder  chamber,  which  atmospheric  pressure  fills  with  water  to  be 
discbarged  by  the  return  stroke.  Thus  the  pump  shown  throws  an  in- 
termittent jet,  it  being  only  single-acting.  But  Mr.  Servant,  in  his  let- 
ters patent,  says : , "  I  do  not  intend  to  limit  the  afore-described  arrange  - 
ments  to  a  single-acting  pump,  as  they  are  equally  applicable  to  a  double- 
action  pump."  The  general  form  of  construction  of  this  pump  is  essen- 
tially the  same  as  that  patented  (No.  55022)  May  22^  1866,  by  Mr.  E.  L. 
Staples,  of  N^uihville,  Tenn.,  but  the  latter  is  for  insertion  as  a  deep- 
^ell  t»  lift-pump,"  while  Mr.  Servant  seems  to  have  first  produced  it  in 
portable  size  with  the  handle  upon  its  piston-tube  and  with  the  flexible 
suction-pix>e  having  a  strainer  by  which  it  can  take  a  supply  from  any 
<>ther  pipe  or  from  any  kind  of  receptacle.  Thereby  it  became  a  valu. 
^ble  pump  of  most  general  application,  and  has  been  largely  manufact- 
Ofed  in  both  single-acting  and  double-acting  styles,  with  modifications 
|^o?ered  by  more  or  less  subordinate  patents  on  variations  in  some  of 
*tfi  special  details. 

Under  this  patent  and  under  others  by  J.  A.  Whitman,  also  of  Provi. 
^^ence,  bearing  date  of  September  20, 1870,  January  8, 1878  (No.  199131), 
^nd  November  1, 1881  (No.  248902),  this  pump  has  been  manufactured 
^^r  the  trade  as  "  T/ie  Fountain  Pump  "  and  "  WhitmaiCs  Fountain  Pump? 
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This  brand  of  pump,  so  far  as  it  has  come  to  my  notice,  is  single-acting. 
It  has  enjoyed  a  large  sale  and  given  satisfaction,  especially  for  broad- 
cast spraying  npon  the  cotton  crop. 

Pnmps  having  the  same  external  pattern,  bat  a  double-acting,  inter- 
nal construction,  and  now  sold  under  the  name  *'  HydronetteSy^  throw  a  con- 
stant spray  or  solid  jet,  and  are  hence  preferable  instead  of  the  single- 
acting  ones,  which  discharge  by  interrupted  spurts.  The  double-acting 
hydronettes  have  for  some  time  been  manufactured  by  Messrs.  B.  T. 
Deakin  &  Co.,  northwest  corner  Twelfth  a.id  Buttoowood  streets,  Phila- 
delphia, Pa.,  and  by  Messrs.  Bnmsey  &  Co.,  Seneca  Falls,  N.  Y.  Tht 
•rdinary  price  for  the  *'  Fountain  Pumps  "  and  "  Hydronettes  ^  has  been 
from  $8  to  $10. 

Some  double-acting  Hydronettes  devised  by  myself  have  increased  the 
simplicity  and  utility  of  these  instruments,  while  rendering  them  some- 
what  cheaper  and  more  efficient.  The  construction  is  essentially  the 
same  as  that  presented  afterward  in  the  barrel-pump  in  Plate  XL VI,  Fig. 
2,  and  its  description ;  but  the  arrangements  of  the  base  valve  and  some 
other  details  are  different.  The  removable  extension-tube  bearing  the 
spray-nozzle,  which  is  directed  straight  ahead  or  laterally,  with  reference 
to  the  delivery  pipe,  at  any  angle  desired,  is  invaluable  on  account  of  the 
quality  of  the  spray  and  because  tbe  poison  is  thus  delivered  at  such 
a  safe  distance  as  not  to  endanger  the  operator,  while  its  adaptability 
suits  it  for  applying  the  spray  to  the  under  surfaces  or  otherwise  m 
may  be  wished.  This  device  has  three  interchangeable  nozzles,  which 
are  free  from  the  ordinary  difficulty  of  clogging.  The  pump  is  also  fur- 
nished with  the  same  discharge-devices  connected  with  the  cylinder  in- 
stead of  with  the  moving  piston  as  in  Plate  XL,  Fig.  6.  This  enables 
the  jet  to  be  held  steady,  whereas  the  reciprocating  motion  of  the  noz- 
zles unavoidable  with  the  other  pumps  already  referred  to  is  annoying, 
and  in  poisoning  under  surfaces  much  poison  is  thereby  misapplied  and 
wasted.  The  use  of  the  device  is  also  illustrated  in  Plate  XXXIX,  Fig. 
2,  where  k  is  the  poison-can  hung  on  the  shoulders,  r  its  opening,  h  a 
suction-hose  from  the  interior  to  the  cylinder,  e,  moved  back  and  forth  on 
piston,  Xj  which  is  held  firm  by  the  right  hand  and  with  its  extension- 
pipe,  X II,  holds  the  nozzle,  us^  to  direct  the  spray,  u  s.  The  nozzles  are 
also  shown  in  Fig.  3  and  Plate  XL,  Figs.  5  and  6.  By  another  arrange- 
ment, Plate  XL,  Fig.  6,  above  alluded  to  the  extension-pipe  is  attached 
at  n  angle  to  the  side  of  the  discharge  end  of  the  cylinder  and  the  suc- 
tion-hose coupling  is  at  an  angle,  or  preferably  a  curve,  diverging  to  45*" 
or  more,  to  allow  the  hose  to  hang  at  an  angle  with  the  cylinder  withon 
kinking. 

Where  one  and  the  same  pei^son  must  at  the  same  time  direct  tb*^ 
spray  and  also  do  the  pumping,  the  telescope  pumps,  or  hydronett 
are  preferred  to  the  "aquapults,"  "aquaject,"  and  all  other  forms 
pumps.    No  other  pumps  allow  the  operator  such  freedom  of  action 
facility  in  applying  the  spray  in  any  direction  or  position  without  co- 
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fliction  with  the  pamping.    The  greatest  freedom  in  the  use  of  this  im- 
plement is  attained  by  inserting  its  suction-pipe  in  a  knapsack-can  for 
the  poison  liquid.    To  pump  from  a  vessel  which  must  rest  upon  the 
ground  the  pumping  iias  to  stop  whenever  the  position  of  the  vessel  is 
to  be  changed.    A  second  i)er8on  can  carry  the  receptacle,  but  this  is 
really  less  satisfactory  and  far  less  economic  than  to  use  the  knapsack- 
can.    This  combination  of  such  pumps  with  the  knapsack-can  was  pat- 
ented (No.  209668)  as  a  ^'fire  extinguishing  apparatus  "  by  Messrs.  J.  E. 
Gondict  and  Albert  J.  Doty,  of  Philadelphia,  Pa.,  on  November  5, 1878. 
These  pumps  also  have  a  wide  application  for  various  purposes,  such  as 
washing  windows,  vehicles,  &c.,  which  gives  them  a  great  value  in  ad- 
dition to  that  for  throwing  poison.    The  combinations  already  noticed 
are  best  suited  to  apply  the  poison  on  small  patches  of  the  plants,  or 
where  the  worms  have  appeared  only  in  some  isolated  spots  in  the  fields ; 
bat  for  general,  broadcast  poisoning  they  have  been  more  successfully 
used  on  horseback  or  from  a  cart  or  wagon. 

A  horseback  method  of  employing  these  pumps  may  be  illustrated 
by  plate  XLl,  Fig.  1,  which  represents  one  being  operated  to  take  and 
distribute  the  poison  from  a  pair  of  rubber  bags  hung  across  the  back 
of  a  horse.  The  two  bags  are  joined  above  by  straps,  and  in  front  are 
provided  with  hose-pipes  which  unite  with  each  other  and  with  the  suc- 
tion-hose of  the  pump.  This  point  of  juncture  is  seen  in  front.  These 
bags,  though  somewhat  costly  as  compared  with  other  horseback  re. 
ceptacles  for  carrying  poison,  answer  the  purpose  well,  and  their  use 
for  poisoning  cotton  fields  has  been  due  to  the  iogenuity  of  Capt.  Jack- 
son Warner,  of  Austin,  Tex.,  who  has  manufactured  them  for  some 
years  in  combination  with  another  pump. 

The  use  of  an  eddy-jet  and  extension-pipe  such  as  is  presented  in 
Plate  XXXIX,  Figs.  2  and  3,  for  delivering  a  good  spray  at  a  safer 
totance  from  the  rider,  is  an  improvement  introduced  for  all  broadcast 
distributing  apparatuses  as  well  as  for  applying  poison  to  the  nether 
surfaces,  and  these  will  be  used  to  much  advantage  with  the  various 
l^iods  of  horseback  receptacles  already  devised.  The  person  wearing 
t^e  knapsack  apparatus  shown  in  Plate  XXXIX,  Fig.  2,  can  use  it  for 
broadcast  work  on  horseback,  in  which  case  he  may  still  wear  the  can 
iipoi)  himself  or  he  can  hang  it  upon  the  saddle  or  horse,  as  he  chooses. 
^Iso,  by  duplication,  a  pair  of  such  cans,  with  or  without  a  sipho  con- 
'^^tion,  and  hung  across  the  horse,  answers  well  to  give  balancement 
^H  supply  the  pump. 

The  method  of  using  these  pumps  from  a  barrel  or  tank  in  a  cart  or 
^«^o»  is  illustrated  in  Plate  XXXVIII. 

*^Tho  most  common  mode  of  using  them  is  the  following:  A  barrel 
^Qtaioing  the  liquid  is  put  on  a  cart  or  wagon  and  drawn  over  the 
®cld.  One  hand  is  employed,  if  necessary,  to  keep  the  poison  stirred 
^P)  while  three  others,  each  with  one  of  these  pumps,  apply  the  liquid 
ftom  the  rear  of  the  wagon,  one  taking  charge  of  the  three  iimet  toTR«i^ 
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the  others  each  about  three  more  rows  on  either  side.  In  the  use  of  this 
and  of  all  other  pumps  it  is  advisable  to  add  a  strainer  to  the  lower  end 
of  the  hose  in  order  to  prevent  impurities  from  entering  the  valve.  In 
an  emergency,  where  no  machines  are  at  command,  these  fountain 
pumps  do  excellent  service,  and  many  prefer  them  to  other  means  of 
applying  the  poison.  They  are,  however,  wasteful  of  material,  and  the 
poison  is  more  apt  to  get  on  to  the  bodies  of  those  employed  in  their 
u.se  than  in  most  of  the  other  modes  of  sprinkling.^ 

Three  or  four  of  these  pumps  may  be  operated  in  the  same  cart  and 
from  the  same  tank,  and  the  vehicle  can  be  driven  very  rapidly  in  cases 
of  haste.  Mr.  P.  Oalahan,  of  Selma,  Ala.,  informs  me  he  prepared 
rough  carts  with  short  axles,  upon  which  he  used  his  ordinary  wagon 
wheels,  and,  driving  on  a  rapid  trot  with  the  barrel  of  poison  and  fount- 
ain pumps  on  each,  with  occasional  change  for  a  fresh  team,  each  cart 
IK)isoned  forty' acres  per  day.  As  set  forth  elsewhere,  it  is  certainly  a 
very  considerable  advantage  to  have  less  than  four  wheels  to  the  vehi- 
cle, as  it  can  then  be  turned  shorter  and  driven  quicker  and  with  les^ 
damage  than  is  possible  with  the  ordinary  lumber  wagon.  In  this  con- 
nection the  reader  will  do  well  to  notice  the  high  legged  wheels  de- 
scribed in  the  elevated  frames  of  machines  in  the  following  portion  of 
this  report.  These  same  legged  wheels  apply  equally  well  to  carts,  and 
so  used  will  save  more  of  the  crop. 

By  using  the  wheels  from  a  wagon  or  any  wheeled  farm  machine,  a 
simple  cart  for  conveying  poisoning  apparatus  is  easily  constructed 
with  a  wooden  or  iron  axle,  or  with  legs  for  the  wheels.    It  must  be  re- 
membered that  shafts,  if  used  in  their  ordinary  position  upon  carts, 
place  either  the  horse  or  the  wheels  upon  the  rows.    If  shafts  are  em- 
ployed they  must  be  set  to  one  side.    This  produces  a  side-draft  uncom- 
fortable for  the  horse.    Where  a  special  axle  is  to  be  made  it  can  be 
gh'en  length  enough  to  cause  the  wheels  to  straddle  a  pair  of  rows ;  thcn^ 
the  shafts  and  horse  may  be  centrally  placed  over  the  intermediate  row — 
interspace ;  but  when  an  axle  of  usual  length  is  taken  it  will  generally — 
be  better  to  ush  a  median  tongue  above  the  row  and  a  span  of  horse^^ 
ahead  of  the  wheels ;  and  a  tongue  can  generally  be  more  easily  foun< 
or  made  ^han  a  pair  of  shafts. 

Concerning  the  use  of  the  "  fountain- pump,"  we  quote  from  the  D< 
partment  Report  "On  Cotton  Insects,"  1879: 

'*The  most  practical  way  of  applying  wet  poisons  that  has  come  under  oar  observ< 

lion  is  by  means  of  a  machine  known  as  the  fountain-pump. 

•  •••••  • 

"  In  using  the  fountain-pump,  one  man  works  the  pump,  another  baud  (often  a  ^^-o- 
iiian)  accompanies  him  and  carries  the  bucket  containing  the  mixture.     Other  haim.^' 
keep  these  >upplied  with  the  poison.    As  some  parts  of  the  ^ork  are  more  tireso^^ae 
than  others,  the  hands  are  transferred  from  one  part  to  another  at  intervals.    TT*  J]« 
water  is  conveyed  to  and  abont  the  fields  as  far  as  possible  in  wagons. 

**  It  is  estimated  by  those  who  have  had  much  experience  in  applying  poisons  in  ^Mii9 
way,  that  where  water  is  easily  obtained,  with  one  fountain-pump  and  eight  lnii^x»d9 
(three  of  whom  may  be  women)  25  acxea  ot  qo\i\ati  m»k^  Vm  ^oinoued  in  one  day.    Tb^ 
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eight  bands  are  distribnted  as  follows :  Ooc  works  the  pump ;  one  carries  the  bucket 
from  which  the  poison  is  pumped ;  three  supply  this  one  with  the  mixture ;  three  are 
with  the  wagon  getting  water  and  mixing  the  poison. 

^'Although  the  plan  just  described  is  the  one  most  generally  used,  we  think  that 
adopted  by  Mr.  Trelease  during  the  present  season  is  preferable,  requiring  as  it  does 
fewer  hands. 

''  A  40-gallon  barrel  containing  the  mixture  is  placed  on  an  ordinary  four-wheeled 

wagon,  the  wheels  being  5  feet  apart,  and  the  lowest  axle  23  inches  from  the  ground. 

The  wagon  is  drawn  by  two  mules,  these  walking  in  the  furrows  on  either  side  of  the 

TOW  of  cotton  over  which  the  wagon  passes.    One  hand  drives  the  team  and  two 

others,  provided  with  fountain-pumps,  distribute  the  poison  from  the  barrel.    In  this 

way  nine  rows  of  cotton  are  poisoned  each  trip  across  the  field.    In  ordinary  cases 

one  or  two  other  hands  with  a  team  can  keep  these  supplied  with  water.    By  this 

method  poison  can  be  applied  very  rapidly  and  with  a  minimum  number  of  hands. 

The  experiments  show  that  the  cotton  was  not  seriously  injured  by  the  team  or  wagon, 

altboagh  much  of  it  was  as  high  as  the  top  of  the  wagbn-box,  and  there  was  none 

that  was  not  bent  as  the  axle  passed  over  it.    Certainly  the  time  and  labor  saved 

will,  except  in  cases  where  the  cotton  is  very  high  and  closely  interlocked  between 

the  rows,  more  than  pay  for  the  injury  done  to  the  cotton.    I  suggest  the  following 

impioveDient  to  the  apparatus  used  this  season  :  Have  a  cover  fitted  to  the  barrel  to 

prevent  the  spilliui;  of  the  poison.    This  cover  should  have  three  holes;  one  for  a 

duher  (similar  to  that  used  in  chums)  for  agitating  the  mixture ;  the  two  other  holes 

to  admit  the  hose  of  the  pumps.    The  dasher  may  be  worked  by  a  boy  or  the  men 

with  the  pumps. 

"Althoagh  the  method  above  described  is  the  most  practicable  yet  devised,  we  feel 
^  it  can  be  improved  upon.  Our  observations  convince  us  that  the  thing  most 
needed  is  a  machine  which  can  be  drawn  by  one  or  two  horses  and  which  will  thiow 
A  spray  of  water  on  the  under  sidi*  of  the  leaves. 

"The  present  modes  of  poisoning  are  defective  in  that  they  requira  a  large  force  of 
^'Qds,  often  when  there  is  much  other  work  to  be  done ;  and  what  is  a  much  more 
iierioiis  matter,  as  the  poison  is  applied  to  the  upper  side  of  the  leaves  of  the  plant, 
^^e  young  larvae  are  not  killed  until  they  are  large  enough  to  eat  through  the  leaves. 
Tbi8 would  be  of  less  importance  could  the  poison  be  made  to  adhere  to  the  leaves; 
but  it  often  happens  that  the  mixtures  are  washed  off  the  plants  by  rains  soon  after 
lieiDg  applied,  while  if  they  were  applied  to  the  lower  surface  of  the  leaves  all  larvaa 
Ming  at  this  time  would  be  poisoned,  besides  there  being  less  liability  of  the  poison 
being  washed  from  the  plants." 

In  addition  to  what  is  quoted  above  Mr.  Trelease  also  reported  as 

follows : 

"All  of  my  wet  poisons  were  applied  by  use  of  Whitman's  fountain-pump,  No.  2. 

•  •   '  •  •  •  •  « 

'feaotime,  one  or  two  other  men,  with  a  two-horse  wagon,  containing  several  smaller 
•^^^is,  were  engaged  in  carrying  water  from  a  pond  to  the  end  of  the  rows  of  cotton, 
^uere  it  was  transferred  to  the  distributing  wagon.  With  these  two  pumps  worked 
wowly^  the  mules  walking  very  slowly,  we  found  that  a  barrel  of  water  went  over 
*"oiit  three  acres  of  cotton,  wetting  it  fairly,  but  not  so  well  as  was  to  be  desired, 
^be  men  were  therefore  made  to  work  the  pumps  faster,  so  that  a  barrel  lasted  for  two 
*^^.  Not  satisfied  with  this,  we  enlarged  the  holes  in  the  rose-nozzle  a  little,  so 
<^t  without  mat<erially  diminishing  the  force  of  the  pump  we  were  able  to  apply  a 
'^rrel  of  fluid  to  the  acre.*  In  this  way  about  30  acres  a  day  may  be  poisoned  by  four 
^*nd8  and  four  mules. 

'With  our  single  pump  wo  were  able  to  cover  only  five  rows  of  cotton  for  each  trip 

»"  — — ^  ■—.  . — 

^t  is  far  better  to  employ  the  larger  size  of  pump,  which,  from  its  greater  capacity, 
<MStrihates  more  water  than  the  one  used  by  me,  and  with  less  \aboi.-^Ib. 
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aoro86  the  field  and  do  it  well.  Includiug  the  time  spent  in  filling  the  barrel  it  took 
forty-five  minntes  for  each  barrel  of  poison  put  out;  or,  in  ten  hours,  three  handa  and 
fonr  mules'  woulfl  poison  about  13  acres." — Ih.,  p.  225. 

GoucerniDg  these  statemiBnts  it  should  be  added  that  (1)  in  the  light 
of  more,  recent  improTements  by  this  method  the  poison  is  not  applied 
^^  with  a  minimum  number  of  hands  " }  (2)  the  enlargement  of  the  holes 
in  rose-nozzles  is  objectionable  as  impairing  the  quality  of  the  spiay 
by  increasing  the  quantity  of  liquid  thrown ;  and  (3)  if  a  larger  pump  of 
the  same  kind  is  used  to  distribute  more  water,  it  will  not  be  ^^  with 
less  labor/'  for  with  the  same  style  of  pump  the  mechanical  rule  must 
be  that  the  <labor  varies  directly  in  proportion  to  the  capacity  or  to 
the  quantity  distributed. 

It  seems  that  in  former  reports  only  the  single-acting  hand-pumps 
were  alluded  to  or  recommended.  By  lookiug  up  everything  in  the  trade 
and  in  the  Patent  Office,  so  far  as  my  time  would  permit,  it  has  become 
possible  to  report  upon  quite  a  number  of  others,  some  of  which,  as 
noticed  above,  are  double-acting^  and  hence  much  preferable  to  those 
which  were  formerly  represented  as  the  best. 

In  this  connection  it  should  also  be  added  that  although  the  hydro- 
nettes  and  fountain  pumps  are  certainly  the  best  hand-pumps,  and,  in- 
deed, excellent  for  throwing  broadcast  sprays  from  barrels  or  tanks 
and  for  applying  single  jets  beneath  plants,  yet  we  cannot  regard  those 
heretofore  made  as  the  best  barrel-pumps  or  tank-pumps,  since  others 
more  suitable  for  such  purposes  will  be  noticed  more  properly  under 
the  title  of  "Barrel  and  Tank  Pumps,"  further  on. 

Finally,  it  should  be  added  that  there  are,  besides  these  described, 
other  patented  modifications  in  pumps  of  the  above  group,  but  which 
have  not  yet  found  the  trade  to  much  extent.  It  is  probable  that  they 
will  not  compete  successfully  with  those  presented  above,  and  in  most 
cases  they  add  complication  and  expense  of  construction.  Their  most 
noteworthy  features  may  be  briefly  noticed  in  chronological  order. 
That  by  Mr.  T.  J.  Mayall,  of  Boston,  Mass.,  as  patented  April  16, 1S72 
(No.  125824),  has  a  valve  in  the  discharge  end  of  the  piston,  and  close 
below  this  a  valved  suction-inlet  through  a  side-haft  to  the  piston.  This 
enables  the  nozzle  to  be  held  steady,  and  not  have  a  reciprocating 
motion,  only  the  cylinder  being  slid  back  and  forth.  Another  paten 
(No.  129750),  issued  Julv  23, 1872,  to  Mr.  W.  B.  Bobins,  of  No.  1,  Uppe 
Gordon  street,  Euston  square,  Middlesex  County,  England,  has  for  i 
most  important  feature  the  introduction  of  an  air-chambered  co 
between  the  suction-hose  of  a  hydrouette  and  an3^  supply  pipe  wkic 
may  be  connected  thereto.  Again,  in  No.  139263,  on  May  27, 1873,  M: 
Bobins  patented  the  addition  of  a  third  or  outside  concentric  cyliud 
with  a  third  valve  (of  annular  form)  to  provide  double  suction ; 
suction  being  contipnous  during  both  strokes  of  the  piston,  in  sing 
acting,  or  intermittently  discharging  hydronettes.  Also,  in  No.  15 
on  August  25 f  1874,  the  same  gentleman  patented  in  the  piston  of 
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single-acting  hydronette  a  flexible  cup-packing  above  an  annnlar  slip- 
bead  whicb  strikes  into  the  cap  to  spread  it  at  the  force  stroke.    Mr. 
F.  S.  Shirley,  of  New  Bedford,  Mass.,  in  patent  No.  173349,  February 
8, 1876,  introduced  in  the  single-acting  hydronette  a  tabular  air-cham- 
ber surrounding  an  inward  projecting  discharge-pipe  (and  which  can 
only  be  of  value  when  directed  above  the  horizontal),  a  strainer  in  the 
inston-head,  a  piston  and  handle  of  one  piece,  and  a  cylinder  and  stuf- 
fing-box of  one  piece.    In  No.  199380,  January  22, 1878,  Mr.  W.  F.  Ray- 
mond, of  Brooklyn,  N.  Y.,  introduced  ,the  double-acting  discharge  in 
combination  with  double-suction  and  the  tabular  air-chamber  by  using 
five  valves  and  the  third  or  outside  cylinder  already  noticed.    Mr.  A. 
Hamilton,  of  New  York  City,  patented,  September  13, 1881  (No.  246880), 
a  hand-pump  differing  from  the  best  hydronettes  chiefly  in  its  combina- 
tion of  a  rose  and  solid  jet  nozzle  with  a  shut-off  cock  and  by  the  com- 
plex construction  of  the  piston  head  and  valve. 

Aquapults,  Aquajects,  Aquarius,  Excelsior,  and  Hydro- 
PULT.— (Plate  XL.)  Under  these  names  are  known  small  i)ortable 
pumps  which  have  a  side  discharge  from  the  upper  cylinder-cap, 
wiiile  they  are  worked  by  a  T-handle  on  top  of  the  piston.  AVhen  in 
use  these  pumps  are  generally  supported  in  a  more  or  less  vertical  posi- 
tion bj  the  operator,  and  the  cylinder  is  often  held  by  some  kind  of  at- 
tachment to  the  receptacle  for  the  liquid  or  by  a  foot-piece  upon  the 
groand  or  floor.  Being  thus  planted  the  weight  of  the  body  can  be 
tfarowD  on  the  piston  during  the  downward  stroke,  but  the  upward 
stroke  is  more  difficult.  Some  are  double-acting,  and  most  have  an  air- 
chamber  upon  the  cylinder  or  in  the  piston.  The  market  prices  of  these 
I'Dinps  range  from  $8  to  $10.  The  various  kinds  that  have  come  to  my 
attention  merit  the  following  notice: 

The  former  Cotton  Worm  Beports  make  no  allusion  to  these  pumps, 
yet  there  are  several  which  seem  to  deserve  consideration  here. 

^^The  Johnson  Force Pump'*^  appears  to  be  the  earlier  form  of  the  ^^Aqua- 

P^tP   Mr.  W.  J.  Johnson,  of  Newton,  Mass.,  took  out  patents  No.  30480, 

October  23, 1860,  No.  6649,  September  21,  1875,  and  No.  116599,  July  4, 

^Wl,  relating  to  the  following  pumps :  Plate  XL,  Fig.  1,  represents  his 

PJimp  in  combination  with  a  bucket  for  the  liquid.    The  T-handle,  ty  is 

^n  on  top  of  the  large  piston-rod,  p^  which  is  hollow  and  of  half  the 

*'2eof  the  outside  cylinder,  7c.    About  midway  of  the  cylinder  is  clamped 

^^t  a  bracket,  6,  with  claws  that  clinch  firmly  upon  the  edge  of  the 

*>Qcket.    The  discharge  takes  place  through  a  hose,  A,  attached  near  the 

^^p  and  having  a  terminal  nozzle,  n,  of  the  kind  described  on  page  — , 

?iid  in  Plate  XV,  Fig.  5.    The  pump  is  double-acting,  works  easily,  and 

*^  powerful  in  its  action.    It  is  manufactured  by  the  National  Mauu- 

^turing  Company,  Boston,  Mass.    Other  manufaeturers  and  inventors 

^5iTe  introduced  modifications  in  some  of  its  details.    This  form  of 

^Ump  as  manufactured  by  Messrs.  W.  &  B.  Douglas  and  patented 

'^o.  192979,  July  10, 1877)  by  J.  W.  Douglas,  aU  of  Middletown,  Oouu.^ 
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has  the  bracket  in  the  form  of  a  kueed  leg,  bearing  a  flat  footpieee  at 
the  side  of  the  bucket  and  upon  the  ground.  Under  the  patent,  'So. 
209513,  October  29, 1878,  of  Mr.  A.B.  Prouty,  the  National  Manufactur- 
ing Company  makes  this  pump  having  the  leg  sloping  and  nearly  straight 
as  it  extends  from  afoot-plate  upon  the  ground  to  the  upper  cap  of  the  cyl- 
inder, where  it  is  hinged  fast  so  that  it  can  be  folded  parallel  against 
the  cylinder.  The  discharge  spout  has  a  handle  formed  upon  its  base 
and  bears  a  peculiar  terminal  nozzle  that  hangs  when  out  of  use  upon  a 
hook,  while  the  upper  cap  of  the  cylinder  has  a  projecting  ring  by 
which  the  whole  device  may  be  hung.  In  this  form  the  foot-piece  will 
hold  the  pump  stable  in  a  deeper  vessel,  and  it  may  be  thus  held  in- 
serted in  the  side  bung  of  a  barrel,  in  a  tub,  or  large  can. 

The  most  decided  variation  ui>on  the  "Aquapult "  was  introduced  by 
Mr.  Johnson  in  his  patent,  No.  116599,  of  July  4,  1871.  Its  shape  is 
shown  in  Plate  XL,  Fig.  2,  where  h  denotes  the  suction-hose ;  m  the 
handle,  and  the  discharge  is  downward.  It  consists  of  an  ^'Aquapulf 
having  the  suction  entrance  at  its  side,  o,  while  the  cylinder  discharges 
at  its  top  into  an  ensheathing  cylinder,  &,  which  discharges  at  the 
lower  end.  In  this  form  the  pump  stibservee  the  purposes  of  a  hydro- 
nette  or  syringe^  and  has  also  the  advantage  that  the  reciprocating 
motion  of  the  piston  does  not  disturb  the  position  of  the  nozzle,  which 
is  held  immovable  with  the  cylinder.  An  extension  pipe,  Fig.  5,  should 
be  added. 

Next  should  be  noticed  two  styles  of  pump  which  a;re  allied  to  the 
"  Aquapults"  by  both  form  and  adaptability.  The  "  Aquarius  ^  and  the 
^^Aquaject^  (Plate  XL,  Fig.  3)  have  external  resemblance  to  each 
other,  but  are  different  in  operation  and  internal  construction.  The 
"Aquarius"  is  manufactured  by  Messrs.  W.  &  B.  Douglas,  of  Middle- 
town,  Conn.,  seemingly  under  the  patent.  No.  33299,  issued  September 
17, 1861,  to  Mr.  B.  Douglas.  It  is  a  strong  pump,  but  is  single-acting 
and,  although  provided  with  an  air-chamber  upon  the  cylinder,  the  jet 
thrown  is  of  an  intermittent  character.  The  '' Aquaject"  as  made  by 
Messrs.  Rumsey  &  Co.,  of  Seneca  Falls,  N.  Y.,  throws  a  good,  strong, 
steady  jet,  being  double-acting  and  also  possessing  an  air-chamber.  In 
Fig.  3  the  operator  is  working  the  piston  by  his  right  hand  and  hold- 
ing the  cylinder  by  its  foot-piece,  the  pump  takes  water  by  a  suctiou- 
hose  leading  from  a  bucket  to  enter  the  side  of  the  base  of  the  cylinder- 
while  the  water  is  discharged  through  a  hose  held  in  the  left  hand  and 
leading  from  the  upper  cylinder  cap  to  which  it  is  joined  at  a  point  be — 
neath  the  globular  air-chamber  which  surrounds  the  piston.  Both  o^ « 
the  foregoing  pumps  are  strong  in  action  and  durable  in  construction  .« 
They  cost  from  $8  to  $10  each.  The  suction-hose  can  have  greateir^ 
length  and  be  inserted  in  a  barrel  or  other  larger  reservoir  upon  a  carr:^ 
or  otherwise  when  desired,  and  the  discharge  hose  may  bear  a  spra:^  -^ 
nozzle  or  be  connected  with  the  main  of  any  system  of  branching  pipe»^^ 
These  and  the  '^  Aquapult^  "  are  very  desirable  for  squirting  upon  ti 
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and  fires,  but  in  barrel  and  tank  pumping  or  wherever  greater  force  is 
commendable  a  levered  force-pnmp  will  generally  be  preferred,  and  such 
will  be  described  further  on. 

In  No.  150836,  on  May  12, 1878,  Mr.  R.  T.  Deakin,  formerly  of  Shef- 
field, England,  but  now  of  Philadelphia,  Pa.,  patented  his  so-called  '^Ex- 
eeUiorPump  and  portable  Fire  extinguisher,"  which  ha«  a  flange-shaped 
foot-piece  and  combines  in  itself  the  characteristics  of  the  double-acting 
^^Aquapults"  and  "  Aquajects.''    This  pump  works  well  and  will  rank 
with  those  above  desci^bed. 

Here  may  be  appended  a  notice  of  thelso-called  ^^Hydropnltj^  of  which 
Mr.  W.  T.  Vose,  of  Newtonville,  Mass.,  is  the  patentee  and  manufact- 
Qier.  His  letters  patent  date  IN^ovember  15, 1868,  and  extension  No- 
vember 15, 1878.  This  pump  is  represented  in  Plate  XL,  Fig.  4.  The 
two  cylinders,  h  ky  are  continuous  by  the  U-coupling  mounted  on  the 
large  stirmp-shaped  foot-piece,  p.  A  pair  of  pistons  joined  above 
with,each  other  and  with  the  single  handle,  n»,  work  up  and  down  to- 
gether and  simultaneously  in  the  cylinders.  The  suction-hose,  h,  from 
a  bucket  or  other  receptacle,  communicates,  at  t,  with  one  cylinder,  while 
tbe  otber  cylinder  has  an  air-chambered  discharge,  ae^  near  its  top. 
The  operation  is  as  follows :  The  upward  stroke  causes  the  water  to 
pass  tbrongh  the  first  piston-head  and  fill  the  U-coupling  and  both  cyl- 
inders. The  downward  stroke  discharges  about  all  of  this  up  through 
the  second  piston  and  ejects  half  of  it  from  the  spout.  The  second  up- 
ward stroke  ejects  the  other  half  or  the  contents  of  the  second  cylinder 
while  both  cylinders  are  simultaneously  filled  by  the  suction.  Thus  the 
entire  contents  of  one  cylinder  is  thrown  out  at  each  stroke,  while  the 
upward  stroke  also  suck^  both  cylinders  full.  This  device  is  mope  com- 
plex than  the  pumps  noticed  above  and  sufiers  more  friction  while  it 
does  not  work  as  easy  as  the  others,  yet  it  is  a  reliable  pump  capable 
of  such  uses  as  the  "  Aquajects  ^  are  adapted  for. 

BucEBT-PUMPS  AND  KNAPSACK  PUMPS  (Platcs  XLI  and  LV). — ^Be- 
sides the  "Bucket-pumps''  and  "Knapsack-pumps''  already  noticed, 
"Qtnerons  others  are  made  for  extinguishing  fires,  sprinkling  plants, 
I  ^K  bat  in  general  they  are  such  as  have  little  value  in  the  treatment 
I  <^^ field  crops-  Yet  in  this  connection  it  seems  desirable  to  call  sjiccial 
'       ^^temion  to  the  following  examples : 

f  late  XLI,  Fig.  3,  illustrates  the  three  forms  of  "  Lewies  Combination 

^^eePump^  as  manufactured  by  Mr.  P.  C.  Lewis,  of  Catskill,  K  Y"., 

^M^T  his  patent,  No.  230039,  August  3, 1880.    It  is  a  syHnge  of  large 

^1^,  having  a  double-cupped  rubber  piston-head  and  three  substitutive 

5*^^harge  attachmeuts.    In  the  one  case  the  solid  jet  nose-piece  or  in- 

•'^tor-spout  is  screwed  on.    In  its  stead  a  rose-head  face  may  be  used, 

^^king  of  it  a  spray-syringe,  his  "Potato  Bug  Exterminator."  Thirdly, 

^  end-piece  having  a  suction  hose,  suction  valve,  an4  a  side  discharge 

lH>at  may  be  attached,  thus  producing  a  simple  single-acting  force- 

^  ^^^p.    The  discharge  spout,  as  shown  in  the  figure,  has  a  short  hose- 
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exteusion  bearing  a  nozzle,  to  be  held  in  one  hand.  This  nozzle  is 
described  on  page  209,  (see  Plate  XIX,  Figs.  6  and  7.)  As  a  cheap  pump 
extensively  advertised  it  has  had  a  good  sale  and  given  considerable 
satisfaction.  The  ^'  Combination  Pnmp  "  made  in  brass,  retails  at  $5.50. 
A  hook  is  provided  for  attaching  the  base  of  the  pump,  bat,  as  in  other 
pomps  of  this  class,  generally  there  is  wanting  some  better  means  of 
support  to  sustain  the  cylinder  in  an  upright  position  and  so  leave  the 
left  hand  free  to  hold  and  direct  the  nozzle,  while  the  other  hand  works 
the  piston. 

The  sketch  in  Plate  XLI,  Fig.  2,  represents  a  pump-support^  pat- 
ented in  No.  124693,  March  12,  1872,  by  Mr.  C.  G.  Korth,  of  Oarlstadt, 
N.  J.,  and  shows  an  attempt  to  supply  in  pumps  of  this  class  something 
to  make  their  use  more  convenient.  It  consists  of  a  crutch  attached  to 
the  pump  and  serving  as  a  fulcrum  for  its  lever.  The  top  is  held  firmly 
in  the  arm-pit  while  the  sharp  pointed  base  of  the  pump  presses  against 
the  bottom  of  the  bucket,  barrel,  or  other  receptacle  for  the  liquid.  ThiM 
leaves  one  hand  free  to  hold  the  nozzle.  The  other  features  of  this 
pump  appear  in  no  way  novel  or  superior,  but  the  inventor  controls  the 
use  of  his  support  in  pumps  of  all  kinds. 

The  following  bucket-pumps  and  knapsack-pumps^  which  are  occasionally 
offered  by  the  tra^dCj  seem  not  the  most  desirable  for  poisoning  the  crop, 
though  some  on  the  list  are  well  suited  for  other  purposes  and  some  ex- 
hibit features  which  may  be  hereafter  combined  in  the  pumps  which 
are  best  adapted  for  our  x>urpose. 

In  patent  No,  212067,  February  4, 1879,  Mr.  A.  Stoner,  of  Stony  Point 
P.  O.,  East  Baton  Bouge,  La.,  claims  some  details  in  a  simple  pump  of 
this  type  which  seems  to  have  no  very  special  advantage  for  our  present 
purposes. 

Mr.  W.  W.  Mallory,  of  Holland  Patent,  Oneida  County,  New  York,, 
obtained  in  a  pnmp  similar  to  the  above,  and  in  patent  Ko.  237193,^ 
February  1,  1881,  a  pump-cover,  consisting  of  a  tube  which  bends  hori- 
zontally and  then  downwards  as  a  handle,  overflow  spout,  and  guide  tcz 
the  piston-rod,  which  works  through  a  hole  in  its  top. 

Patent  No.  92194,  July  6,  1869,  secured  to  H.  and  A.  Kaiser,  of 
lumbus,  Ohio,  a  pump  of  this  kind  but  permanently  attached  inside  of 
common  watering-pot,  its  basal  branch-spout  with  excurrent  valve,  a 
incides  with  that  of  the  pot  and  bears  a  rose  or  substitutive  solid-j 
nozzle  as  desired. 

A  pump  granted  in  patent  No.  86287,  January  26, 1869,  to  Mr.  A. 
Dix,  of  Shelton,  England,  has  the  cylinder-cap  clamped  to  cross-b 


inserted  in  the  upper  part  of  a  suitable  receptacle.  There  is  a  stuffin.  ^ 
box  above  for  packing,  and  below  this  an  outlet  from  the  upper  part  -o^ 
the  cylinder  is  extended  downward  by  a  drip-tube  upon  the  side.  A 
diaphragm-strainer  is  inserted  in  the  chamber  of  the  discharge- val^^^e. 
A  pump  having  similar  construction  to  those  just  noticed,  but  w^  tb 
the  valves  reversed,  giving  suction  through  the  basal  branch-spout 
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discharge  directly  from  the  basal  axis  of  the  cylinder,  appears  in  patent 
No.  108OS7.  This  enables  it  to  be  used  as  are  syringes  and  other  baud- 
pumps  of  the  single-acting  kind. 

Mr.  E.  M.  Crandal,  of  Chicago,  111.,  patented,  in  No.  175039,  March  21, 
1870,  a  pump  bearing  a  bucket  on  the  tops  of  its  parallel  pistons  and 
air-cylinders,  which  are  mounted  ou  a  foot  beneath.  The  pump  has  a 
lever  with  its  end  hinged  to  the  edge  of  the  bucket  and  its  middle  to 
the  piston-rod.  This  bears  a  perforated  head  and  valve  allowing  the 
liqaid  from  the  bucket  to  gravitate  and  suck  through  downward  when 
the  piston  is  raised.  The  valved  branch-spout,  excurrent  from  the  base 
of  the  piston-cylinder,  leads  through  an  air-cylinder,  which  has  a  hang- 
ing discharge-spout  reduced  for  a  hose  extension. 

A  pump  having  basal  suction  but  otherwise  like  the  foregoing  and 
immersed  entirely  inside  of  a  bucket  was  patented  in  No.  lS74dG,  Feb- 
ruary 20,  1877,  by  Mr.  W.  Westlake,  of  Chicago. 

The  two  last-noticed  apparatuses  have  value  chiefly  as  cheat)  garden 
sprinlilers  and  window-washers. 

In  sach  pumps,  with  solid  piston-heads  as  have  been  noticed  above, 
Mr.  J.  M.  Holland,  of  Wilmington,  Del.,  has  introduced  a  simpliflcation 
coDsifiting  of  a  piston-rod,  handle,  head,  and  guide  all  ca«t  in  one  piece 
and  covered  by  his  patent  No.  206451,  July  30, 1878.  The  pump  with 
which  he  has  combined  it  more  specially  is  double  barreled,  the  larger 
barrel  being  an  air-cbambet*  surrounding  a  hanging  discharge-spout. 

The  "Patent  Knapsack  Engine,"  manufactured  by  Messrs.  W,  and  B. 
Donglag,  of  Middletown,  Conn.,  is  not  handy  enough  for  field  work.  It 
consists  of  a  pump,  probably  similar  to  the  ''Aquarius,''  inserted  in  a 
can. 

The  fire-extinguisher  of  Mr.  J.  W.  Stanton,  of  New  York  City,  and 
patented  in  No.  223402,  January  6, 1880,  can  be  used  for  broadcast 
work  over  very  small  patches,  but  is  like  the  prieceding  apparatus  in  not 
being  handy  for  field  use.  It  seems  to  consist  of  an  "Aquapult"  in- 
serted firmly  in  a  can.    Its  nozzle  is  novel,  as  noticed  above. 

An  insect-destroyer,  consisting  of  a  bucket  with  a  deeply-recessed 
bottom,  with  a  rose  pendant  in  the  center  of  the  recess  and  a  cylinder 
therefrom  extending  into  the  bucket  to  admit  water  by  perforations 
ill  its  sides  when  a  weighted  or  spring  valve  or  valve-piston  is  lifted  in 
the  cylinder  by  a  piston-rod  terminating  in  a  finger-loop  beneath  the 
Ijandle,  was  patented  in  No.  193417,  July  24, 1877,  by  Mr.  F.  J.  McDon- 
^d,of  Madison,  Ohio.  Also  a  similar  device  was  patented  in  No.  200372, 
October  27, 1878,  by  Mr.  W.  B.  Allen,  of  Orleans,  N.  Y.  These  (Plate 
^V,  Pigs.  1  and  2)  allow  the  spray  to  descend  only  at  the  will  of  the 
operator,  and  with  a  force' greater  than  it  would  receive  from  the  weight 
^  the  liquid  alone.  Such  cans  avoid  the  tilting  of  the  vessel  which  is 
necessary  with  the  ordinary  watering-pots,  and  are  thus  more  con- 
venient 

Belated  to  these  is  the  '^  poison  distributor"  of  Messrs.  J.  Amor  and 
63  CONG 18 
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A.  J.  Lane,  of  Glenville,  Ohio,  as  patented  in  No.  226588,  April  20, 
1880.  It  consists  of  a  knapsack  of  cylindrical  form  having  a  piston  of 
its  inside  diameter  held  down  b}*^  a  strong  spiral  spring.  The  piston- 
rod  is  exserted  above,  whereby  it  is  raised  and  the  spring  is  compressed 
until  the  can  is  filled.  Then  the  spring  is  allowed  to  press  the  piston 
npon  the  liquid  which  finds  exit  by  a  side  tube  near  its  base.  A  hose 
extension  bears  a  stiif  tube  having  a  thumb-levered  valve  and  rose. 
The  can  is  carried  on  the  back  by  loops  over  the  shoulders.  Of  its 
practicability  1  am  unable  to  speak,  except  that  it  has  not  a  promising 
aspect. 

A  simple  rose-syringe,  having  its  middle  two-fourths  surrounded  by 
:a  lar^e  concentric  cylindrical  can  for  the  liquid  that  can  enter  the 
•syringe  by  perforations  which  the  piston-head  may  close  when  pushed 
alown,  was  granted  as  an  insect-destroyer  in  patent  No.  216679,  June 
17,  1870,  to  Mr.  G.  H.  Hull,  of  Montello,  Marquette  County,  Wisconsin. 
The  instrument  thus  has  no  valves  but  the  piston-head,  and  shonld 
prove  superior  to  the  ordinary  watering-pots  and  syringes.  Prior  to 
this,  however,  there  was  issued  to  Mr.  G.  T.  Wisner,  of  Florida,  Orange 
bounty,  New  York,  in  No.  193742,  July  31,  1877,  letters  patent  on  a 
;*' Potato  bug  Poison -syrin ge  "  having  the  same  general  plan  as  that 
5u6t  noticed,  but  diflfering  chiefly  in  possessing  two  piston-packings  and 
:a  funnel-shaped  receptacle  surrounding  it. 

Batirel  and  Tank  pumps  and  Appurtenances.  (Plates  xlii, 
:et  seq.) — Besides  the  devices  already  noticed  as  employable  with  bar- 
rels or  tanks  forming  parts  of  machines  or  carried  upon  vehicles,  or  hauled 
nipon  legs  having  wheels  or  runners,  or  upon  horseback,  certain  barrel- 
pumps  and  tank-pumps  proper  and  appurtenant  machinery  deserve 
•special  consideration  as  follows.  Many  of  these  are  presented  here  only 
:as  jiarts  of  the  history  of  this  subject,  while  some  have  a  very  decided 
n^ahie. 

[Single  acting^  discharging  from  below  the  Piston.] 

J.  C.  Melelier'^s  Patent  Spray  Pump. — Among  the  earlier  pumps  nsed^ 
•especially  for   tlyd  cotton  crop  should  be  mentioned  that  of  Mr.  J — 
•0.  Melcher,  of  Black  Jack  Springs,  Fayette  County,  Texas,  which  em — 
bodies  his  patent  of  January  18,  187G.     At  present  our  knowledg< 
•of  it  is  based  onl^-  on  a  very  rough  wood-cut  and  circular.    The  pum] 
juan  be  made  either  of  sheet  metal  or  btronger  metal  and  may 
worked  with  or  without  a  lever.     The  lever  was  fixed  to  the  heac-^ 
of  a  barrel  by  a  vertical  rod,  as  with  Mr.  Buhmann's  (see  further  on] 
The  cylinder  of  the  pump  was  inserted  through  a  large  hole  in  th 
head  of  the  barrel  and  had  a  cloth  Huction-strainer  below,  wliile  il 
top  appeared  fastened  by  a  collar  around  the  piston  and  having  tw 
opposite  strips  extending  laterally  downward  to  the  head  of  the  bari 
allowing  the  pump  to  be  rotated  on  its  axis,  to  direct  the  spray.    Tl 
di^charge-spout  is  long,  bearing  a  biconic  air-chamber  above  and  a  lar| 
single,  terminal  nozzle  lor  broadcast  %\>tm\L\\w^,  ^.wearing  to  be  tl 
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8ame  as  that  described  on  page  19G.  Mr.  Melcber,  who  is  an  inventor 
of  various  contrivances,  strongly  recommended  his  pump  to  the  public. 
His  nozzles  are  much  used  and  are  still  made  by  him  and  by  others. 

The  Charles  Vogelsang  Spray-pump  for  Poisoning  on  Cotton. — Mr. 
Charles 'Vogelsang,  of  Bound  Top,  Fayette  County,  Texas,  patented, 
in  No.  194388,  August  21,  J877,  a  sprinkling  pump  with  nozzles  as 
shown  in  Plate  XLII,  Figs.  5, 6, 7,  and  8.  The  T-handled,  solid  plunger, 
A,  works  in  a  thin  cylinder  having  a  basal  suction-strainer,  a,  and  valve, 
witli  basal  discharge-valve,  air-chamber,  dj  and  spout,  e.  The  spout, 
6,  chamber,  d^  and  cylinder,  6,  are  about  equal  in  length  and  joined  to- 
gether compactly  side  by  side,  the  spout  having  a  crook  at  its  top  on 
which  various  nozzles  may  be  used.  In  his  letters  patent  are  figured 
and  described  the  concave  and  scoop-shaped  spray  deflectors  and  quad- 
rantshaped  and  circular  nozzles  with  many-punctured  periphery. 

Another  pump  of  the  same  type  and  embracing  some  of  the  details 
of  the  two  just  noticed,  with  some  additional  peculiarities  of  little  value, 
i»  that  made  by  Mr.  Buhmann. 

"  The  Ruhmann  Sprinkler. — Invented  by  Mr.  Julius  P.  Euhmaun,  of 
Schalenburg,  Tex.  (patent  No.  206901,  August  13, 1878.) " 

In  Plate  XLIV,  Fig.  5  is  a  longitudinal  section  of  the  machine;  Fig^ 
*  shows  the  connection  of  the  pump-cylinder  with  the  air-chamber ; 
^ig. 6  represents  the  strainer;  Plate  XV,  Figs.  6  and  7,  the  nozzle, 
showing  the  arrangement  for  cleaning  the  same;  and  Plate  XLIV,  Fig. 
^9  shows  a  modification  of  the  discharge-pipe. 

^'The  letter  a  represents  the  reservoir  for  holding  the  poisonous 
*iQaid ;  h  is  the  pump-cylinder,  in  which  the  piston,  c,  is  worked  uj)  and 
^own  by  means  of  the  lever,  d.    The  lower  end  of  this  cylinder  is  made 
T^Qnel-shapped,  and  to  it  is  fastened  the  rubber  tube,  e,  which  connects 
^*  With  the  strainer,  /.    This  strainer  is  made  in  two  parts  for  the  intro- 
duction of  a  straining-cloth,  ^,  and  for  convenience  in  cleaning.    The 
^^Wer  end  of  the  strainer  is  perforated,  and,  if  .desired,  any  additional 
^training  matter  may  be  placed  between  the  perforated  bottom  and  the 
^loth,  so  as  to  make  sure  that  no  substances  shall  be  forced  into  the 
^rinkler  to  clog  its  action.    To  the  lower  end  of  the  cylinder  is  secured 
*be  discharge-pipe,  A,  upon  the  top  of  which  is  formed  the  air  chamber, 
*•     Upon  the  outer  end  of  the  discharge-pipe  is  placed  the  sprinkler,  /, 
^hich  is  round  and  flat,  as  shown,  and  perforated  about  one-half  around, 
^pon  the  top  of  this  sprinkler  is  screwed  the  cap  or  cover,  w,  secured 
^  which  is  the  brush,  n.    The  handle  of  the  brush  is  bent  at  right 
^Dgles,  as  shown,  and  is  secured  to  the  cap  in  such  a  manner  as  to  form, 
^  it  were,  a  part  thereof,  so  that  as  the  brush  is  moved  around  to  clear 
^^ay  any  obstructions  which  may  have  a  tendency  to  close  up  the  tine 
perforations  in  the  edge  of  the  sprinkler  the  cap  turns  with  it.    By 
^eans  of  this  screw-cap  the  brush  can  be  adjusted  up  and  down  at  will, 
^o  that  after  cleaning  off  the  perforations  the  brush  can  be  depressed 
^own  below  the  level  of  the  holes,  so  as  to  be  out  of  the  way.'' 
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Instead  of  a  single  nozzle,  there  may  be  two  or  more  used  by  simply 
changing  the  construction  of  the  discharge-pipe,  as  in  Fig.  3,  which 
represents  one  made  for  the  use  of  three  nozzles. 

The  nozzle  seems  to  embrace  about  ali  that  is  decidedly  novel  in  this 
apparatus.  Mr.  Buhmann's  cone-deflectors  are  also  used  by  hihi  on  this 
pump  and  upon  its  three-branched  pipe.  .  The  cone-nozzles  and  their 
combination  with  the  pump  may  be  seen  in  Plate  XLIY,  Figs.  2  and  3. 
This  pump  has  been  used  several  times  in  these  experiments.  In  get- 
ting bent  easily,  it  is  like  all  the  pumps  having  single-walled,  thin  cyl- 
inders, and  the  piston  does  not  fit  perfectly,  so  there  is  an  excess  of 
overflow. 

The  A.  J.  Polatutlcy  Spray  pump  is  that  described  in  patent  No.  238430, 
March  1, 1881,  by  Mr.  A.  J.  Polansky,  of  Fayetteville,  Fayette  County, 
Texas.  Here  also  I  find  no  novel  points  of  special  value  in  the  pump 
proper,  but  the  combination  with  his  sprinkler  nozzle  is  covered.  The 
latter,  as  described  on  p.  — .  (see  Plate  XXIII,  Figs.  3  and  4),  consists 
of  a  vessel  having  peripheral  perforations  and  a  deflecting  flange  with 
a  simple  device  for  returning  the  drip  to  the  reservoir.  These  arrange- 
ments are  only  slightly  different  from  Mr.  Schier's. 

Schier^s  Spraypump,  being  made  by  Mr.  John  Schier,  of  EUinger, 
Tex.,  is  represented  in  Plate  XLII,  Fig.  4.  The  device,  n,  for  spray- 
ing and  returning  the  drip  is  described  already  (see  Plate  XXIII, 
Figs.  1  and  2).  A  modified  form  of  the  nozzle  for  use  on  a  hose  has 
idso  been  described.  On  the  discharge  spout,  a,  is  mounted  a  link,  a?,  as 
a  lever-fulcrum,  and  below  this  is  a  large  peiforated  cup,  e,  which  fits 
as  a  bung  in  the  perforated  top  of  a  barrel,  or  other  reservoir,  and  still 
lower  is  the  cylinder,  c,  in  which  the  piston,  p,  is  operated  by  the  lever, 
L  The  cylinder-top  is  so  low  that  the  overflow  back  into  the  barrel  is 
not  observed.  The  strainer  and  valve  arrangements  are  essentially 
the  same  as  in  the  pumps  just  described.  The  pipe,  a,  probably  con- 
tains an  air-chamber  inside  of  or  surrounding  its  discharge-passage. 

Pumps  having  lever,  piston,  cylinder,  and  stock  pniportioned  sim- 
ilar to  the  latter,  but  with  somewhat  different  discharge,  were  described 
in  patent  papers  by  Mr.  John  Butnian,  of  Milan,  Ohio,  in  No.  17823<>,^, 
June  6,  1876,  and  by  Mr.  T.  K.  Ball,  of  Maysville,  Ky.,  in  No.  195076,^ 
September  11,  1877.  The  latter  claims  an  agitator^  which  should 
described  in  this  connection,  as  shown  in  Plate  XLII,  Fig.  3,  where 
represents  the  cylinder,  h  its  suction-end,  and  c  its  piston-rod,  to  whicl 
are  attached  the  stirrer-rods,  d  e7,  bearing  the  dasher-plates,  k.  Thes— ^^ 
are  moved  up  and  down  with  the  piston,  and  by  their  churning  actio"  — 
keep  the  other  substances  mixed  with  the  water. 

An  important  step  in  the  construction  of  cheap  sheet-metal  pumps  wi 
made  by  Mr.  J.  G*.  Evenden,  of  Chicago,  111.,  as  claimed  in  his  pate" 
No.  140022,  reissue  No.  5864,  May  12,  1874.     His  first  claim  is  '^n- 
hand-pump  for  liquid  vessels,  the  combination  of  a  pump  cylin< 
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with  an  air-chamber  sarroundiiig  the  cylinder."    Thus,  although  the 
outside  casing  of  the  air-chamber  may  become  accidentally  bent,  that 
of  the  cylinder  within  is  protected  against  such  injuries.    Also  this 
coQstraction  gives  such  pumps  a  more  compact  form,  rendering  them 
simpler  and  stronger.    The  pump  is  shown  in  section  in  Plate  XLII, 
Fig.  2,  where  h  is  the  handle,  b  the  solid  piston  in  the  cylinder  with  a 
guldecap}  e,  at  its  top,  iucurrent  valve  below,  and  excurrent  valve,  /, 
to  the  air-chamber,  €,  which  surrounds  the  cylinder  as  shown.    A  stiff 
discharge-tube,  a,  penetrates  this  chamber  from  its  top  to  near  its  base, 
while  its  upper  part  has  a  horizontal  tube,  m,  from  the  cylinder,  as  an  air- 
vent,  which  also  communicates  with  an  overilow-pipe,  n,  extending  down- 
wai'd  on  the  outside  of  the  air-chamber.    In  cheap  pumps  made  of  thin 
sheet-metal  this  protection  of  the  working  cylinder  by  an  air-chamber 
encasement  is  certainly  a  very  good  plan.    The  air  chamber  may  fit  as 
though  it  wrre  a  bung  in  a  large  hole  through  a  fixed  or  removable 
head  or  septum  of  the  vessel,  and  attachment  by  a  flange  or  otherwise 
is  easily  contrived. 

TheHelmecke  Spray-pump  is  of  the  same  description  with  slight  mod- 
ifications consisting  chiefly  in  placing  a  lever  upon  the  piston,  and  the 
overflow-pipe  inside  of  the  air-chamber  as  patented  in  No.  20G448,  July 
^)  1^78,  by  Mr.  F.  A.  Helmecke,  of  Round  Top,  Fayette  County,  Texas. 
"^his  pamp  is  illustrated  in  longitudinal  section  in  Plate  XLll,  Fig  1. 
The  lever,  c,  is  linked  (x)  to  a  pivot  above  the  discharge  spout  and  works 
tl'e  plunger,  6,  in  the  cylinder,  a.  Below  is  a  suction-strainer  and  valve, 
^  o»  Higher  is  an  outlet  valve,  dj  to  the  air-chamber,  e,  and  discharge- 
»pout,/jj  while  much  higher  is  the  overflow-pipe,  ej\  extending  down 
tlirough  the  air-chamber.  Being  entirely  round  on  its  outer  surface 
^^6 pump  is  readily  inserted  in  a  large  bung-hole  of  the  barrel  or  poison- 
'^ptacle  and  is  thus  held  while  being  worked. 

A  pump  having  its  cylinder  protected  by  an  air-jacket  was  also  made 
aud  used  in  Fayette  County,  Texas,  at  about  the  same  date  as  the  lat- 
^^i*  in  an  apparatus  which  has  been  thus  described  by  Professor  Riley : 

^  ''Tas  Yeaoer  Sprinklek. — ^This  is  »  sprinkler  iuvented  by  Mr.  George  Yeuger,  of 
*''4tonia,  Tex.,  (patent  No.  204410,  May  28,  1878).  Plate  LIV,  Fig.  6,  is  a  part  secv 
'^iialside  view,  and  Fig.  7  a  pluiu  view  thereof. « 

*  It  eoDsists  of  a  platform,  A,  upon  which  is  laid  a  barrel,  B,  containing  the  iioisonouH 

9uid.    A  rubber  hose,  C,  connects  this  barrel  with  the  bottom  of  a  pump  cylinder, 

*     This  cylinder  is  supported  on  a  step,  A^,  and  its  upper  end  held  in  a  brace,  A-^, 

^<^bcd  to  a  standard,  A',  which  rises  from  the  platform,  A.    E  is  the  puiiip-pluuger, 

"^ected  to  a  lever,  F,  which  is  pivoted  in  the  upper  end  of  the  standard,  A^    The 

^^id  poison  is  forced  out  through  the  sprinklers,  6  G  G,  which  are  threo  in  number, 

,  ^  throw  the  water  in  a  fine  mist  over  three  rows  of  cotton.    A  rubber  hose,  I,  is 

r^    ^hed  to  each  of  the  spouts,  H,  of  the  pump  to  form  connection  with  the  sprinklers 

^^^f  the  purpose  of  lengthening  or  shortening  the  spoil fs,  especially  the  two  on  op- 

^^1^^^  sides  of  the  pump,  and  of  detaching  and  cleaning  the  sprinklers.     The  upper 

^         ^t  the  pump-cylinder  is  loft  open  and  a  spout  or  tube,  J,  is  connected  thereto  Uy 

^Uct  the  liquid,  which  would  otherwise  bo  wasted,  back  into  the  barrel. 

-^iie  connection  of  this  waste-pipe  with  this  machine  in  tho  only  point  wkvcU  \>s 
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claimed  as  now  by  the  inventor.  The  sprinklers  or  nozzles  are  not  farther  described,^ 
but  it  is  to  be  understood  that  the  spray  is  produced  in  the  same  way  as  described  iir: 
this  class  of  sprinklers.'' 

Mr.  Yeager's  nozzle  was  patented  September  2, 1879,  and  has  bee^ 
described  on  p.  — .  This  and  the  more  recent  form  of  Mr.  Yeager's  apj 
paratus  is  further  illustrated  in  Plate  XLIII,  Fig.  1.  The  pump  S: 
represented  as  inserted  in  the  side-bung  of  a  barrel.  The  lever  is  iu±M 
cated  by  /,  its  fulcrum  by  i,  and  the  piston  hy  pj  while  j  is  the  ove^c 
flow-pipe  leading  back  to  the  barrel,  inside  of  which  is  seen  the  cylind 
/?>,  having  a  T-shaped  suction  strainer  below,  and  a  ridge-like  dischar^ 
passage,  leading  to  the  spout,  e\  which  bears  the  nozzle,  n,  from  whi 
the  spray,  »,  is  ejected.  The  method  of  removing  clogging  matt 
from  the  nozzle  chamber  is  also  depicted;  one  of  its  screw-caps  bei 
removed  the  finger  is  used  to  wipe  out  the  interior. 

The  Pinter  spray  pump  is  that  patented  in  No.  233431,  October 
1880,  by  Mr.  F.  T.  Pinter,  of  tSchulenburg,  Fayette  County,  Texas, 
shown  in  Plate  XLIII,  Figs.  2  and  3.  It  will  be  seen  that  the 
rangement  of  the  pump  and  barrel  is  essentially  the  same  as  has 
noticed  above.  The  parts  have  the  same  letters  and  explanation  a 
given  for  Mr.  Yeager^s  pump  ;  but  in  Mr.  Pinter's  device  the  pistor  m  i 
worked  by  motion  communicated  to  it  through  the  draft-wheel  cranL^^  1 
pitman-bar  2,  cranked  and  pinioned  mandrels,/,  cranked  pinions,  ii< 
and  set.'ond  pitman,  p»  This  particular  mechanism  for  transmissio 
motion,  as  shown,  is  not  the  most  practical  that  can  be  devised  for 
jmrpose.  The  nozzle.  Fig.  3,  is  a  segmental  half-funnel,  with  a  blocl^  9 
clamped  inside,  so  as  to  leave  only  a  semicircular,  slot-shaped  pas^^s: 
by  which  the  liquid  is  spread  into  a  spray.  Its  sectional  side  is  sho 
at  n,  while  r  designates  the  block  in  its  interior.  Such  an  appnr 
may  be  used  with  some  success,  and  it  may  be  passed  without  furC: 
criticism  until  its  actual  working  in  the  field  can  be  reported  upon. 

[Single-acting^  discharging  from  above  the  Piston.] 

«  Small  vessel-pumps,  having  the  discharge  from  above  the  x^iston, 
patented  by  Mr.  W.  L.  Chipley,  of  Lamonte,  Mo.,  in  No.  251523,  Dece? 
ber  27, 1881,  and  by  Mr.  A.  J.  Weith,  of  Chicago,  111.,  in  No.  25S0i 
June  6,  1882.    They  are  probably  not  better  than  the  average  of  t  ^ 
pumps  here  noticed,  but  specimens  of  them  are  desired  to  be  tested. 

Upon  tanks  or  barrels  of  liquid  such  pumps  as  the  following,  whi^^ 
are  now  extensively  for  sale  by  the  trade,  may  be  used.    They  are  most  ^ 
designed  as  cistern-pumps,  or  small  well-pumps,  and  most  of  the 
might,  with  very  careful  cleaning,  be  employed  for  lifting  water  durii 
those  parts  of  the  year  when  they  are  not  in  use  for  poisoning.    On! 
a  few  examples  can  be  noticed  here. 

Available  cistern  or  well  pumps, — Pumps  of  the  same  general  pattei 

as  that  shown  in  Plate  XLV,  Fig.  2,  are  manufactured  hy  Messrs.  Bum^ 

sey  &  Co.,  of  Seneca  Falls,  N.  Y.,  and  by  Messrs.  W.  &  B.  Douglas,  0::^ 

MiddletowD,  Conn.     They  are  good.  e;m\«tii-^\3LTK\>^  «»ud  may  be  used  ox0 
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tafika  or  barrels.    For  the  latter  purpose  the  base-pipe,  Xj  is  inserted 

^/trough  a  hole  in  the  cover  and  extended  by  a  piece  of  suction-hose  or 

nietal  pipe  bearing  a  suction-strainer  in  the  bottom  of  the  reservoir. 

The  base-flange,  y,  is  then  screwed  down  firmly  upon  the  cover.    The 

cylinder,  Zj  is  of  larger  capacity  than  is  necessary  for  spraying,  making 

liarder  labor  than  need  be  with  pumps  specially  adapted  for  small  sprays. 

rrheloDg  lever,  ?,  needs  to  be  worked  slow,  but  with  much  strength.    Upon 

the  (lischarge-si)out, «,  is  an  air-chamber,  c.    The  discharge  may  be  taken 

Irom  the  cock,  A-,  at  the  base  of  the  air-chamber,  or  from  a  hose  attach- 

ineatatthe  top,  n.    The  latter  is  of  special  value  in  elevating  liquid  to 

fill  a  barrel  or  tank,  while  the  cock  may  prevent  siphoing  through  the 

pipe  when  the  machine  is  not  being  operated.    Pumps  of  this  general 

character,  and  of  the  smallest  sizes  now  offered,  retail  at  from  $10  to  $13. 

The  simpler  so-called  "  Wheelbarrow  forcepumps^  and  '^  Truck-wheeled 

or  Garden-engine pumps^^  are  of  this  same  general  type.    These  parties 

also  sell  the  same  styles  of  pumps  having  side  lugs  whereby  to  attach 

them  against  the  vertical  side  of  a  board,  frame,  or  wall.    Allied  to  the 

latter  are  their  "  Windmill  pumpSj^  which  have  no  lever  or  a  removable 

one.  These  cost  a  little  more,  but  may  be  used  to  better  advantage 

w-here  the  pump  is  to  be  worked  by  machinery. 

Id  a  similar  way  may  be  employed  the  smallest  sizes  of  certain  stand- 
ard pumps  of  essentially  the  same  form  as  that  shown  in  Plate  XLV, 
^ig.  1.    They  have  a  crank  attachment  between  the  lever  and  piston, 
'^^ hereby  the  short  arm  of  the  lever  is  inside  of  the  top  of  the  cylinder, 
'^^liich  is  enlarged  as  an  air-chamber,  having  on  top  a  cap  that  is  not 
l>«rforated  by  the  piston-rod,  and  these  pumps  are  known  as  **  The 
-f^tus  pump,'^  of  Mr.  W.  8.  Blunt^  100  Beekman^treet,  New  York,  "  The 
I^^tent  PeTUlulum  force  or  lift  pump^^  manufactured  by  Messrs.  W.  &  B. 
I  ^onjjlas,  of  Middletown,  Conn.,  and  •*  the  Index pump^^ of  Messrs.  Bum- 
^*y  &  Co.,  Seneea  Falls,  N.  Y.    Their  prices  range  from  $10  upwards. 
*^*  The  Lotus  "has,  besides  the  side-spout,  a  straight  waterway  from  its  top. 
The  small  "  Counter  pumps^  **or  Ale  and  Beer  pumps^  of  these  manu- 
ftctarers  can  be  used  as  simple,  cheap  instruments,  throwing  intermit- 
tent jet/ and  not  giving  very  great  power.    They  cost  $5  to  $8. 
•  Those  of  the  above-noticed  pumps  which  have  an  air-chamber  get 
thereby  a  discharge  that  is  less  intermittent,  and,  although  they  are 
somewhat  constant-acting,  they  are  not  true  "  double-acting  "  pumps, 
J)ut  sometimes  erroneously  bear  that  title. 

[Double-acting  Force-pumps  proper,] 

The  double  acting  force-pumps  proper,  with  or  without  air-cham- 
^fs,  throw  a  more  constant  stream,  and  hence  are  the  best  as  tank  or 
"^rrel  pumps  for  supplying  continuous  jets  of  spray.  They  generally 
discharge  from  above  the  piston-head.  In  these,  as  a  rule,  the  up- 
^^  stroke  produces  a  suction,  filling  the  cylinder  with  the  liquid, 
'^e  downward  stroke  displaces  all  this  from  beneath  the  piston-head^ 
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half'  stoppiug  ill  the  upper  chamber  of  the  cylinder,  which  is  reducecj 
one-half  by  having  a  le.'iser  diameter  or  an  enlarged  piston-rod,  while 
the  other  half  of  the  liquid  is  discharged.  On  the  next  or  upward 
stroke  the  half  that  remuius  above  is  discharged  while  the  cylinder  i£ 
being  filled  from  below.  Thus  the  discharge  is  one-half  at  each  stroke 
while  the  suction  is  all  at  alternate  strokes.  Attempts  thus  far  made 
to  produce  suction  at  both  strokes  add  more  complication  or  inconven- 
ience of  form  to  the  pump  than  the  gain  thereby  will  compensate. 
The  reduction  for  semi  displacement  in  these  pumps  is  commonly  ac- 
complished in  one  of  the  following  ways:  (1)  The  piston-rod  has  an  out- 
side capacity  equal  to  one-half  of  the  inside  capacity  of  the  cylinder ;  or 
(2)  there  may  be  a  median  packing  septum,  and  the  upper  half  of  the 
plunger  has  an  outside  c  ipacity  equaling  one-half  of  the  outside  ca- 
pacity of  the  lower  half  of  the  plunger;  or  (3)  the  upper  half  of  the 
cylinder  may  have  an  inside  capacity  equal  to  one-half  the  inside  capac- 
it3*  of  the  lower  half  of  the  cylinder,  in  which  case  two  oppositely  work- 
ing piston-heads  are  used  in  the  respective  halves  and  the  cylinder 
discharge  is  from  a  median  point;  or  (4)  two  cylinders  of  equal  size  are 
used,  standing  end  to  end,  side  by  side,  or  otherwise,  with  their  pistons 
acting  oppositely  or  alternately  to  discharge  through  the  same  spout, 
in  which  cases  one  cylinder,  may  discharge  through  the  other,  or  two 
separate  confluent  spouts  maybe  employed  for  the  outlet;  or  (5)  a  single 
piston  with  a  single  cylinder,  having  both  suction  and  discharge  at  each 
end;  or  (G)  an  arrangement  providing  suction  at  both  ends  and  discharge 
from  the  piston  at  one  end;  or  (7)  the  suction  is  between  the  excurreut- 
valved  pistons  working  together  simultaneously  in  a  U-shaped  cylindea 
8ui)plied  at  one  end  or  At  the  middle. 

A  pump  arranged  on  plan  No.  7  has  been  described  as  seen  it; 
Plate  XL,  Fig.  4,  as  'the  "  Hydropult "  of  Mr.  W.  T.  Vose,  of  Boston^ 
Mass.  The  plan  No.  0  is  illustrated  in  an  air-pump  contrived  b}^  my: 
self,  described  as  shown  in  Plate  XXXV,  Fig.  1.  The  pumps  on  th^ 
No.  5  plan,  as  heretofore  made,  are  not  simple  enough  to  be  practical 
in  the  work  here  under  consideration.  Those  of  No.  4,  which  have  tha 
two  cylinders  with  contiguous  axles,  cannot  be  satisfactorily  used  exce^^ 
in  wells,  &c.;  also  those  with  two  cylinders  side  by  side  and  with  alte^ 
nating  pistons  are  too  complex  and  lack  compactness,  while  those  wi9 
two  cylinders  out  of  line  and  the  top  of  the  suction  cylinder  dischai — 
ing  into  the  base  of  the  discharge  cylinder  likewise  exhibit  rath.^ 
more  complication  and  friction  than  seem  desirable  for  the  work 

question,  yet  one  of  these  which  will  answer  the  purpose  i^  represent ; 

in  Plate  XLV,  Fig.  4,  and  deserves  more  special  notice. 

The  Champion  Force  pump. — Is  manufactured  by  the  Champion  !■■ 
Fence  Company,  Kenton,  Ohio,  and  can  be  sold  at  a  moderi»te  pr^S 
In  the  figure  the  pump  cylinders,  a  h,  are  represented  as  ope^^; 
upon  one  side  to  show  the  interior  parts.  Below  is  seen  the  8uc*:-/c 
pipo,  JCf  bearing  cylinder,  Z>,  .which  opens  above  into  the  base  of     th^ 
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cyliudera,  and  this  has  au  upward  discharge. spout,  ee,  dosed  above 
at  p.  This  and  the  standard,  /,  are  joined  to  a  flange,  n,  which  is 
screwed  to  the  tank  cover.  There  are  two  pistons,  ppj  hinged  one 
to  either  arm  of  the  pump-lever,  which  has  its  fnlcium,  z,  upon  the 
standard,/.  Thereby  are  simultaneously  and  oppositely  operated  the 
iwro  excurrent  valved  pistons  in  their  respective  cylinders. 

Apuinp  after  plan  No.  2,  having  a  single-headed  reduction  piston, 
was  patented  by  Mr.  K.  Ramsden,  April  24,  1860,  in  No.  28012,  but  no 
sample  pump  involving  this  principle  has  yet  come  to  my  inspection. 
The  displacement  capacity  of  the  upper  half  of  the  piston  is  one-half 
that  of  the  lower  half,  which  works  through  a  packing,  fixed  in  a  sep- 
tum dividing  the  pump  iuto  upper  and  lower  chambers  communicat- 
ing by  au  upward  valve.  The  construction  is  an  odd  one  and  may 
yet  prove  serviceable. 

The  counterpart  of  the  latter  type  is  found  in  plan  No.  3,  in  the 

WHluction-cylinder  pumps,  which  have  on  the  same  rod  two  piston - 

heads,  the  upper  one  of  half  the  capacity  of  the  lower,  while  the  upper 

part  of  the  cylinder  is  only  one-half  as  large  as  its  lower  part.    A 

'^rge  number  of  these  are  now  patented  and  being  manufactured  for 

^ells^  3*et  few  of  suitable  size  and  weight  for  use  in  tanks  or  barrels 

^^^e  come  to  my  notice.    The  patent  on  the  reduction  cylinder  has  ex- 

P^d,  while  the  recent  improvements  are  in  minor  details.     Among 

^^^  pumps  of  this  group  available  for  insecticide  apparatuses  is  one  of 

^'01  pie  construction  and  very  durable  as  now  made  by  Messrs.  Rumsey 

^  (Jo.,  of  Seneca  Falls,  N.  Y.,  under  their  catalogue  name,  ^^Ncw  Style 

^^rcepump,^  and  another  which  is  really  the  same  thing  under  a  dift'er- 

^'^t  name,  viz:  the  ^^  Improved  Double-acting  Suction  and  Force  pump  ^"^^  as 

^escribed  in  the  sale  catalogue  of  Messrs.  W.  &  B.  Douglas,  Middlo- 

^Wn,  Conn.    These  pumps  of  smallest  size  cost  from  $10  to  $12.     One 

1*^  them  is  shown  in  Plate  XLV,  Fig.  3.    The  suction-pipe,  Jcy,  is  to  be 

^^^rted  through  the  head  or  cover  of  the  barrel  or  tank,  and  its  flange, 

A  can  be  screwed  down  firmly.    An  extension  hose  or  stiff  pipe  may 

^  used  to  prolong  the  suction  tube  to  the  base  of  the  reservoir,  where 

^^  ordinary  suction -strainer  .should  be  added.    The  upper  or  narrow 

*^Mf  of  the  cylinder,  c,  is  surrounded  by  a  swollen  bulb  or  air-chamber, 

*•     From  the  base  of  this  is  formed  the  discharge- way,  x  y^  having  a 

Soose-neck  spout,  y  z.    The  hose  may  be  coupled  to  the  end,  z^  or  in 

place  of  the  neck,  at  y.    Since  the  piston-rod  has  two  bearings  in  its 

^^0  heads,  its  joint, ;,  is  essential.     It  will  be  seen  that  the  whole  is 

*  very  strong  pump,  also  serviceable  in  cisterns  or  wells.    Since  the 

®^cond  or  upper  piston-head  takes  the  place  of  a  cap  and  packing  the 

Puojp  is  in  no  way  complicated,  while  the  air  chamber,  in  addition  to 

Its  double  action,  renders  the  discharge  more  constant. 

The  foUowing  list  mentions  kinds  of  pumps  which  are  esseutiaUy  the  same  as  those 
J'^^t  described,  but  less  compact  in  the  arrangement  of  their  parts,  while  they  diflVr 
"•^«€in  several  details  of  little  importance  in  this  connection.     Thouj^h  mostlY 
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available  for  wells  and  cisterns,  thoy  are,  as  now  made,  not  so  w«ll  adapted  for  imse 
in  barrels,  &c.j  though  smaller,  lighter  styles  of  certain  ones  could  be  manufactured  on 
the  same  general  plan  that  might  answer  for  this  purpose. 

1.  The  **  Buckeye  force-pumps''  as  now  made  by  Messrs.  Mast,  Foos  &,  Co.,    o(        I 
Springfield,  Ohio.  I 

2.  The  pump  patented  by  Messrs.  J.  M.  &  B.  Branson,  of  Flushing,  Ohio,  in  ^^- 
249885,  November  22,  1881,  and  that  by  Mr.  B,  Branson,  in  No.  2:^240,  February  ti 
1881.  *' 

3  That  issued  to  Mr.  R.  Bean,  of  Springfield,  Ohio,  in  patent  No.  96r3,  Septeinb^^ 
13,  ISiilj  and  **  Bean's  self-regulating  force-pump"  as  now  made  at  No.  6  Loyd  Htree'^^ 
Atlanta,  Ga.,  Bird  &  Hannson,  proprietors.  No.  50  Marietta  Street,  Atlanta. 

4.  One  granted  in  No.  238498,  March  8,  1881,  to  Mr.  D.  Gilbert,  of  Chambersbar^'^ 
Pa. 

5.  That  in  the  patent  No.  177401,  May  16,  1876,  issued  to  Mr.  D.  Johnson,  of  Asl 
land,  Ohio. 

6.  No.  241572,  May  17,  18bl,  granted  Mr.  B.  C.  Vanduzen,  of  Cincinnati,  Ohio. 

7.  That  of  Mr.  P.  A.  Myers,  Ashland,  Ohio,  issued  in  No.  10048,  February  28, 

8.  Also,  the  '^Red  jacket  force-pump"  as  now  manufactured  by  Mr.  J.  P.  Martii 
of  Cincinnati,  Ohio. 

The  Agitator  Barrel-pump^  planned  and  perfected  by  me  in  my  worl 
for  the  Department,  lias  already  been  in  Professor  Riley's  annual  repoi 
as  entomolog:ist,  for  1881  (i)p.  159-162).    The  description  is  as  follows 

By  reference  to  Plate  XLVI,  Fig.  2,  the  barrel,  it,  will  be  seen  i      ^n 
section,  and  some  of  its  details,  together  with  those  of  the  pump  an    .^d 
stirrer,  may  be  noticed.    The  fulcrum,/,  has  a  foot  below  screwed  t^^Mo 
the  barrel.    Through  its  top  is  a  pivot,  o,  on  which  tilts  the  puin^^ci^ 
lever,  Z,  which  is  similarly  hinged,  at  ft,  to  the  top  of  the  piston-rod,  t 

The  pump  cylinder,  g,  is  also  hung  upon  trunnions,  t,  projecting  iu^^^o 
eyes.    In  this  illustration  the  eyes,  e  c,  have  each  a  neck  fitting  in         a 
slot  cut  through  the  stave  oppositely  from  the  side  of  the  bung  hoi      ^e, 
and  beneath  the  stave  is  a  foot  on  the  eye-piece.    Its  neck  is  so  sho^^^rt 
that  the  eye  is  held  down  firmly  against  the  top  of  the  stave,  while  tL^MiC 
foot  is  as  tight  against  its  under  surface.    The  length  of  the  eye-pie*^  -c« 
is  a  little  less  than  the  diameter  of  the  bung  hole,  into  which  it  in      ■ij 
be  inserted  to  be  driven  laterally  into  the  slot.    The  slot  is  longer  th^^san 
the  eye-piece,  so  the  latter  may  be  driven  away  from  the  bunghole  t^Sov 
a  distance  greater  than  the  length  of  the  trunnion-pivot.     Then  t        ^^ 
pump  being  inserted,  until  these  pivots  come  opposite  the  eyes,  t- —  'i^ 
latter  may  be  driven  back  as  sockets  over  the  pivots  which  play        in 
them  when  the  pump  is  worked.    To  hold  these  eyes  toward  the  pucr^»i' 
and  upon  the  trunirions  a  wedge,  v,  is  driven  in  the  slot  beyond  esm^<^^ 
eye-piece.    Thus  the  pump  is  easily  attached  or  removed  and  its  xxiA  ^^ 
with  the  barrel  is  strong  and  firm.    Perchance  it  be  desired  that  fMM^ 
l>umphole  be  bunged  the  side  slots  may  be  wedged  to  make  the  bar'J*! 
tight. 

The  parts  of  the  pump  being  hung  as  described,  the  hinge,  ft,  forirms  a 
toggle-joint,  and  in  its  action  causes  the  pump  to  oscillate  on  its  tron 
nioiis,  its  basal  end  swinging  wider  than  its  top,  as  indicated  by    the 
dotted  line  from  x  toy.    Upon  the  extremity  of  this  swinging  end  is  ^ 
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loop,  hj  throngli  which  is  passed  a  stirrer  bar,  in  n,  luade  to  sweep  back 
and  forth  in  the  lower  side  of  the  barrel,  thus  to  agitate  and  mix  tbe 
substances  considerably  during  the  operation  of  the  pump,  every  stroke 
of  the  bandle  causing  one  or  two  strokes  of  the  stirrer. 

The  method  of  inserting  and  extricating  the  stirrerbar  is  as  follows: 
It  is  raised  with  tbe  pump  until  the  end,  m,  comes  opposite  the  bung- 
bole,  ar,  through  which  the  bar  may  be  pulled  out  by  the  cord,  w?,  which 
is  attached  to  the  end,  n,  and  also  preferably  to  the  bungs,  r  and  z,  as 
shown.    Through  the  same  hole  the  bar  may  be  inserted.    This  stirring 
device  is  the  simplest  in  construction  and  operation  of  any  yet  contiived, 
while  worknig  as  it  does  with  reference  to  the  concavitj'  of  the  barrel 
it  is  perfectly  effective. 

Pumps  having  other  external  or  internal  constructions  than  those 
shown  here  may  be  similarly  mounted,  and  it  matters  little  if  the  eye  or 
the  trunnion  be  either  on  the  punip  6r  on  the  sloti)iece.    But  some  of 
the  points  in  the  internal  construction  of  tbe  pump  may  be  briefly  noticed 
here.   The  lower  extremity  of  the  piston-tube  is  closed  and  has  a  cir- 
cular seat,  above  which  is  a  slot-shaped  entrance  to  the  cavity  of  the 
pistou-tube.    Higher  is  another  circular  seat,  and  immediately  above  it 
another  inlet  to  the  piston-tube.    Between  the  two  seats  is  a  circular 
slide-valve,  which  bears  a  packing  on  its  face  and  plays  loose  or  free 
np  auddown  as  caused  by  the  pressure  to  open  the  lower  inlet  during 
the  downward  stroke  and  to  close  it  on  the  upward  stroke.    The  upper 
<^p  of  the  cylinder  is  quite  loose  about  the  piston-pipe,  and  holds  one 
®nd  of  a  sheath  or  tubular  packing,  the  lower  free  end  of  which  fits 
*»agly  around  the  piston-pipe  and  tighter  to  the  same  when  the  fluid- 
pi^essure  is  on  the  outside  of  it.    The  piston-tube  has  about  half  the 
opacity  of  the  outer  cylinder,  and  the  whole  arrangement  is  such  that 
^^^  pump  discharges  during  both  strokes,  being  a  constant- acting  or 
^'ouble-acting  fol-ce-pump,  which  operates  the  same  whether  the  dis- 
^•harge  be  taken  from  a  spout  upon  the  side  of  the  cylinder  or  from 
^he  side  or  end  of  the  i>iston-tube.    With  the  discharge  from  the  piston 
*^'Hl,  and  a  suction-hose  upon  its  opposite  extremity,  the  pump  may  be 
^^ed  apart  from  the  barrel,  like  the  so  called  "fountain  pumps"  and 
'  ^ydronettes  "  of  the  trade.    Its  valves  are  all  metallic,  and  it  may  be 
^ade  for  the  highest  pressures  or  to  throw  any  volume  desired. 

This  agitator-pump  combination  was  devised  for  use  with  suitable  ap- 
P5vra:use8  of  all  kinds,  but  in  the  form  here  presented  it  is  especially 
^*^«iigned  for  wheeled  reservoirs.  It  works  combined  with  a  single  de- 
« very-tube  or  extension  pipe  with  or  without  branches  or  nozzles  of  any 
^^t  preferred.  This  device  embodies  the  simplest  suitable  stirrer  and 
^onble-acting  pump  for  insecticide  maehines,  is  perfectly  elfective,  and 
^  have  found  it  the  most  satisfactory  of  all  tested  for  squirting. 

;  ^onduiUj  Frames,  Portage^  and  Combinations  of  Appurtenances,  without 
^gard  for  distinctive  pump-characteristics,  will  receive  more  special 
^^sideration  in  the  descriptions  of  the  following  devicea^  ^'\\\^\i  ^x^ 


^ 


286      REPORT   4,  UNITED   STATES    ENTOMOLOGICAL   COMMISSION. 

trifling  cost  The  principal  drawback  to  it  as  at  present  coDstructei 
by  Mr.  Binkley  is  that  it  is  made  in  one  piece,  so  that  in  case  a  large 
object  obstructs  the  orifice  there  is  some  diflBcalty  in  removing  th 
same. 

"This  defect  could  be  easily  remedied  by  making  the  cone  in  tw< 
pieces,  the  nozzle  itself  to  be  screwed  on  to  the  basal  or  soldered  i)iec€ 
The  plates  and  the  orifices  should  be  thoroughly  cleansed  and  driec 
after  use,  iu  order  to  prevent  rusting.  The  machine  with  four  spouts,  ai 
in  the  figure,  throws  the  8i)ray  over  six  or  seven  rows,  but  its  capacity 
is  easily  increased  by  lengthening  the  transverse  pipe  (c).  Its  cost  i 
less  than  $10. 

"After  witnessing  this  machine  iu  operation,  I  am  satisfied  that  tU. 
atomizing  principle  is  a  most  valuable  one,  aid  that  with  modified  cor 
ducting  pipes  or  tubing,  so  as  tb  throw  the  spray  from  near  the  grour* 
up  into  the  plants  and  on  the  under  surface  of  the  leaves,  as  in  ML 
Daughtrey's  machine,  it  will  give  great  satisfaction  because  of  its  chea.] 
ness  and  simplicity. 

"  The  Ooodin  Sprinlcler. — ^This  machine,  invented  by  Mr.  James  1 
Goodin,  of  Montgomery,  Tex.  (patent  No.  198014,  December  11,  187  T 
is  represented  by  the  accompanying  cuts.  [Fig.  4  of  Plate  LIVJ.is  a  to 
view,  and  Fig.  3  a  side  view  of  the  same.  The  letter  A  represents  a  tan 
or  any  other  vessel  to  receive  the  poisoned  liquid. 

*^  Iu  tlio  lower  part  of  the  forward  end  of  the  tank,  A,  la  secured  a  discharge-pipe,  ^ 
the  iim^r  eud  of  which  is  provided  with  a  valve  or  ordinary  sirap-fancet.  The  Bt«> 
C,  of  the  valvo  or  faucet  paRses  up  through  a  hole  in  the  top  of  the  tank.  A,  and  i 
upper  end  ifl  pivoted  to  the  end  of  a  lever,  D,  which  is  pivoted  to  a  short  standifrX' 
£,  attached  to  the  top  of  the  tank,  A. 

*•  To  the  forward  en<l  of  the  pipe,  B,  is  attached  a  cross-pipe,  F,  from  the  forward  »* 
of  tho  center  and  ends  of  which  project  short  pipes,  G,  having  heads,  H,  attached 
their  forward  ends.    The  heads,  H,  are  perforated  with  numerous  small  holes.    T 
pipes,  B  F,  are  Jointed  as  shown  in  the  drawing,  so  that  they  m^y  be  lengtheuecl 
shortened  as  circumstances  may  require." 

Wolfram's  Machine. — One  of  the  more  recent  machines  is  that  repi 
sented  iu  Plate  LI.  It  is  patented,  No.  241577,  May  17,  1881,  by  3 
John  A.  Wolfram,  of  Meyersville,  De  Witt  County,  Texas.  This  <i 
vice  is  specially  interesting  as  another  attempt  to  poison  the  uncl< 
surfaces  of  plant?,  and  this  is  expressed  by  Mr.  Wolfrain  as  follo'^ 
*<The  object  thereof  is  to  construct  such  machines  or  devices  in  a  lun 
ner  as  will  render  them  easy  of  operation,  and  sprinkle  the  plants  fro 
above,  below,  or  underneath  the  leaves  at  one  and  the  same  tin" 
thereby  touching  every  portion  of  the  plant  and  so  destroying  ever 
insect  that  may  be  on  it  without  any  unnecessary  waste  of  the  poison 
ous  liquid."  The  constructions  and  operations  of  these  devices  be  de 
scribes  as  follows : 

"In  the  accompanying  drawings  A  represents  a  suitable  reservoir  or  tank  for  how* 
ing  the  poisonous  liquid,  said  tank  being  secured  in  any  suitable  manner  to  aoam^fi* 
or  truck,  B. 
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"To  the  tank,  A,  is  attached  a  suitable  pump,  C,  the  piston,  a,  thereof  having  con- 
nected to  \i%  npper  end  a  link,  5,  which,  in  turn,  is  connected  to  an  arm,  c,  pivoted  to 
t\te  upper  end  of  a  standard,  dy  rigidly  secured  to  the  top  of  the  tank. 
.  *'Tothe  enter  end  of  the  arm  c  is  pivoted  a  rod,  e,  its  lower  end  beitig  connected  to 
ft  cranio,/,  which  has  its  bearings  in  the  side  of  the  tank,  A,  and  grooved  pulley,  D. 
The  crank,/,  is  made  to  engage  with  the  grooved  pulley,  D,  in  such  manner  as  will 
caiue  the  crank  to  revolve  by  the  rotation  of  the  pulley.     This  I  accomplish  by 
the  employment  of  the  ordinary  clutch,  g,  the  two  sections  th<»reof  being  made  to  en- 
gage with  each  other  by  the  lever,  ft,  which  is  connected  thereto,  oi*  bo  disengaged 
when  the  pump  is  not  required  to  be  operated. 

**The  grooved  pulley,  D,  is  supported  by  a  suitable  bracket,  j,  connected  to  the  side 
of  the  tauk.  A,  while  the  lower  grooved  pulley,  £,  in  rigidly  secured  to  the  inner  bide 
uf  the  wheel  carriage  or  truck,  so  that  it  will  revolve  with  it.  A  belt  or  chain,  i, 
passes  over  the  two  pulleyn.D  E,  by  which  motion  is  commnnicated  to  the  upper 
pnlley  when  the  carriage  or  truck  is  in  motion. 

"Connected  to  the  pump,  C,  is  a  horizontal  pipe,  F,  to  the  end  of  which  are  suitable 
faocets,  I;,  to  control  the  flow  of  liquid  to  the  sprinkling  pipes,  these  faucets  being  of 
aoysnitablo  construction  fouud  best  adapted  to  the  purpose. 

"To  the  horizontal  pipe,  F,  is  connected  a  suitable  number  of  pipes,  G,  extendiug 
down  near  the  ground,  and  provided  at  their  lower  ends  with  rose-headR,  H,  each  of 
which  has  removable  screw  plugs,  2,  to  admit  of  their  being  cleaned  when  required. 
These  pipes,  G,  are  connected  to  the  horizontal  pipe,  F,  by  unions  or  coupling  bectiouH, 
or  any  other  desirable  means  may  be  employed.  The  outer  pipes,  however,  I  conuect 
to  the  pipe,  F,  by  the  addition  of  short  sections,  w,  of  pipe,  although  I  do  not  dtsire 
to  confine  myself  to  any  special  means  employed.  The  pipes,  G,  arc  raised  \o  the  re- 
quired height  from  the  ground,  and  by  a  suitable  lifting  device,  consisting  of  the 
horizontal  supporting  arm,  I,  formed  in  sections  and  hinged  together,  so  that  when 
opened  and  extended  they  form  a  continuous  horizoutal  arm,  against  which  the  pipes, 
G.reat. 

"To  the  supporting  arm,  I,  is  connected  a  curved  rod,  m,  i»i  voted  to^the  side  of  the 
^wk,A,  and  having  connected  to  it  a  pivoted  arm,  o,  to  which  the  operating  lever,  //, 
^secured,  by  means  of  which  the  supporting  arm,  I,  may  b»»  raided  or  lowered  as  cir- 
<^iUD8tance8  require.  This  supporting  arm  or  carrier,  I,  has  8<»nii circular  seats,  ;>,  to 
^ive  the  pipes,  G,  and  hold  tbem  in  an  upright  position.  The  object  of  forming  the 
Win  or  carrier,  I,  in  sections  and  hiugiug  them  together  is  to  leduce  the  length  of  the 
"•oe,  so  as  to  enable  the  foldiug  of  the  pipes  from  both  sidrs  of  the  carriage  or  truck 
^^^  not  requiretl  for  use. 

"The  rose-heads,  H,  are  preferably  formed  with  rows,  1,  2,  3,  4,  5,  nnd  6,  extending 
'^Qgthwise  and  up  the  sides  of  said  rose-heads,  so  that  the  plants  will  bo  sprinkled 
•^ve  an,!  beneath  the  leaves. 

'The  unions  of  the  several  sections  of  pipes  admit  of  their  being  folded  conveniently 
^e^ther,  80  as  to  admit  of  their  being  transported  with  ease  and  without  incutn- 
brance. 

The  machine  will  sprinkle  as  many  rows  of  cotton  as  there  are  pipes,  G,  they  being 
^  required  distance  apart  to  correspond  to  the  distance  between  the  rows,  the  hinged 
**tion8  of  the  supporting  arms  or  carriers  being  opened  and  extended  in  accordance 
*'^  the  number  of  pipes,  G,  that  are  used." 

This  machiue  possesses  certain  points  of  special  interest.  The 
^h^led  reservoir  and  pumping  arrangement  is  strongly  similar  to 
^hat  appeared  in  Mr.  Johnson's  machine,  described  above,  as  shown 
^^  Plate  LIII  and  Plate  LIV,  Figs.  1  and  2.  The  plan  of  a  main 
T'Pipe,  forming  extended  arms  with  backward  and  downward  branches 
for  carrying  nozzles,  is  also  an  old  feature,  occurring  in  modified  forms 
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ill  the  machines  of  Johnson,  Goodin  (Plate  LIV,  Figs.  3  and 
Daughtrey  (Plate  XXXVI),  and  others,  but  in  the  special  detail 
this  pipe  system  some  few  features  of  interest  appear.  Aside  from 
extension  of  \he  nozzle  branches  to  near  the  ground,  there  is  the 
tary  joint,  k^  allowing  the  laterally -extending  main  arms  to  be  foI( 
backwards,  and  thus  to  narrow  the  apparatus  for  passing  through  gat 
&c.,  while  the  whole  system  of-  pipes  can  be  tilted  up  by  the  operati 
of  a  lever  to  allow  all  to  be  carried  above  stumps  or  in  turning. 

N^ew  Machine  and  improved  AccesHoriea  for  Underspraying  Cotton.— 
this  connection  should  be  noticed  some  machinery  spectallj'  devit 
and  perfected  for  applying  the  poison  from  below  and  above.  1 
general  plan  of  the  machine  is  in  accordance  with  Professor  Eik 
ideas  and  instructions,  but  many  of  the  details  have  been  devised  a 
wrought  out  by  myself  in  carrying  on  the  work.  The  description 
the  machine  has  already  appeared  as  advance  matter  from  this  rep 
in  the  annual  report  of  the  United  States  Entomologist  for  1881- 
It  may  first  be  described  as  represented  in  Plate  XLVI,  and  the  ac< 
sories  in  Plates  XLVII,  XLIX,  and  XLVI  should  be  consider*  d 
connection  with  it,  as  also  the  results  of  some  experiments  made  si: 
this  wa§  writton."^ 

This  machine  is  transi)orted  by  combination  with  a  wagon  or  cart 
'other  suitable  vehicle,  and  consists  of  a  skid,  bearing  a  barrel  or  ot 
poison  i-eceptacle,  the  force-pump  and  stirrer  operated  therein,  the  he 
pipe  leading  from  the  pump-spout  and  communicating  with  the  sevc 
branched  pipes  which  terminate  in  nozzles  carried  or  trailed  bene; 
the  plants  to  deliver  the  poison  spray  upward  onto  the  under  surface 
Uie  foliage. 

The  skid  is  a  simple  frame  to  hold  the  horizontal  barrel  from  rolli 
and  consists  of  two  pieces,  Fig.  1,  a  a,  of  wood,  about  the  length  of 
barrel,  and  in  section  about  3  by  4  inches,  joined  parallel  apart  ft 
each  other  by  two  cleats,  h  b.  The  inner,  upper  angles  may  be  cut 
match  the  curve  of  the  barrel,  as  at  c  c.  The  barrel  being  placed  u] 
this  frame  is  next  to  be  filled. 

A  good  device  for  mixing  the  poison  thoroughly  with  the  water  a 
for  tilling  the  barrel  is  shown  in  section  in  Fig.  2.  It  consists  c 
large  funnel,  Uj  that  will  hold  a  bucketful,  and  has  cylindrical  sides, 
that  rest  conformant  on  the  barrel.  In  this  is  a  gauze  or  finely -pe 
rated  diaphragm,  or  septum,  dj  and  a  funnel-shaped  base,  t  tj  witb 
spout,  p,  inserted  through  the  bung.  The  Paris  green  or  other  p 
der  is  to  be  put  in  the  funnel  and  to  be  washed  through  the  fine  p6 
rations,  by  the  water  which  is  poured  or  pumped  in  through  it  intx> 
barrel,  k.  Thus  no  lumps  of  poison  can  enter,  and  the  grains  of  poi 
being  thoroughly  wet  and  separated  remain  better  suspended  in  the) 
ervoir.  Where  flour  or  other  adhesive  material  or  diluent  of  the  pow< 
is  to  be  used  such  ingredients  should  be  washed  in  first  and  the  poif 
afterwards.  A  one-half  inch  discharge-spout  delivers  volume  euon 
for  an  eigbtrow  machine  like  tUe,  o\\e>  before  us. 
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From  the  spoat  a  main  pi  fie  or  hose  commuuicates  to  a  pipe  exteDding 

across  and  above  the  rows  and  bearing  branches  descending  in  the 

alternate  interspaces  between  the  rows,  while  each  is  provided  with  a 

fork  or  pair  of  arms  to  supply  a  pair  of  rows.    In  this  special  form  of 

tbe  machine  the  main  cross-pipe  is  hinged  to  the  two  sides  of  the  body 

of  the  wagon,  and  at  one  of  these  junctures  is  a  lever  with  a  ratchet 

quadrant  whereby  to  elevate  the  descending  pipes  with  the  arms  and 

uozzles  when  turning,  or  to  surmount  stumps  or  other  obstacles,  for  in 

this  case  tbe  descending  pipes  are  inflexible  and  stiffly  attached  to  the 

main  cross-pipe  and  the  lever,  that  they  may  be  elevated  by  depressing 

the  latter,  which  can  be  set  at  any  notch  desired,  so  that  the  arms  may 

be  allowed  to  trail  or  drag,  or  may  be  suspended  partly  or  wholly  near 

tile  groQud  or  higher  to  suit  the  operator. 

There  are  other  ways  of  attaching  this  apparatus  which  allow  it  to 
conform  to  the  irregularities  of  the  ground  more  thoroughly  and  inde- 
pendent of  the  rocking  of  the  vehicle,  but  it  is  unnecessary  to  describe 
them  in  this  connection. 

The  two  arms  of  the  main  cross-pipe  extend  in  a  direct  line  and  have 
&I1  the  joints  and  segments  stiff,  while  the  segments  have  each  a  length 
CQual  to  the  width  of  a  pair  of  row  spaces,  whereas  by  another  con- 
strnction  set  forth  in  this  report  the  main  arms  are  either  partially  or 
wholly  flexile  in  their  joints  or  segments,  or  both,  and  they  may  stand 
at  an  angle  with  each  other,  or  continuously  parallel,  as  desired.  In 
those  cases  the  parts  are  supported  by  a  bar  or  frame  which  may  or  may 
not  have  runners  or  legged- wheels  other  than  those  of  another  vehicle 
combined  therewith,  and  the  descending  branches  are  also  usually  made 
partially  or  wholly  flexile,  that  they  may  hang  or  drag  more  thoroughly, 
conformant  to  the  irregularities  of  the  ground  and  the  rows.  Similarly 
the  terminal  branches  on  the  descending  tubes  may  stand  parallel  or  at 
*n  angle  with  each  other  and  be  straight  or  curved,  with  or  without 
flexile  joints  or  segments,  but  the  exact  construction  in  the  present  ex- 
ample is  illustrated  in  Plate  XXXIX,  Figs.  4  and  5.  While  some  curve 
^nis  nsually  desirable,  it  may  be  made  either  in  the  descending  branch 
or  its  fork,  or  in  the  terminal  arms,  or  in  all  these  parts^ 

Beferriug  to  Figs.  4  and  5,  t  is  the  descending  pipe,  y  its  fork,  which 
^ay  be  braced  by  an  additioual  piece,  and  this  may  serve  as  a  weight, 
y^?  to  hold  the  fork  from  being  lifted  or  tilted,  or  as  a  slide-plate,  ey, 
^neath,  to  prevent  the  ground  from  wearing  the  parts  above  it,  or 
*gain  a  separate  slide- plate  or  independent  weight,  freely  removable  or 
^^t,  is  sometimes  combined  with  the  fork  [as  will  be  shown  in  Plate 
^IX].  There  are  also  different  ways  of  making  the  angle-piece,  and 
one  of  the  best  is  in  Fig.  5  of  Plate  XXXIX,  where  two  curved  pieces 
^^  tnbe  are  cut  and  matched  together  so  as  to  form  a  3-way  fork,  the 
angle,  y,  between  the  horizontal  parts  being  about  90°,  and  the  eleva- 
^*on  of  the  part,  tj  which  is  inserted  in  the  descending  branch,  is  about 
^^  from  the  horizontal  base-plane.  Such  a  fork  offer%  t\x^  \^9J&\>  \>^^^v 
63  CONG 19 
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ble  resistance  to  the  fluid  forced  through  it.  In  the  figure  the  tubuL 
arms,  i  i,  are  joined  to  the  angle-piece  by  the  flexile  sheath  coupling 
€  €y  having  stout  wraps.  To  prevent  the  joint  thus  formed  from  bei  i 
too  flexile,  and  to  give  it  additional  elasticity,  a  rod  of  spring  men 
extends  inside.  These  spring  rods  cause  the  arms  to  spring  to  Ir 
sides  of  the  cotton  plants  and  the  fork  to  swing  or  close  as  presi^ 
upon  by  the  row  or  not,  and  thereby  conform  the  positions  of  their  fc- 
minal  nozzles,  n  n,  to  the  variable  width  or  courses  of  the  rows,  to  ap;^ 
the  same  to  discharge  diagonally^  or  from  the  center  of  each  plant,  ri 
ward  into  its  foliage. 

The  nozzles  may  be  joined  inflexibly  or  by  an  elastic  union  with  she^. 
and  spring  rod,  or  in  any  of  the  flexile  parts  named  spring-lined  suctic* 
3iose  or  a  torsion  ^spring,  to  allow  partial  but  not  complete  rotary  moc? 
ment,  may  be  employed.  Bach  terminal  arm  forms  a  supply  tube  to  m. 
nozzle  chamber,  which  has  an  eccentric  inlet-passage,  from  the  sai^ 
t<angentially  through  its  wall,  admitting  the  fluid  so  eccentrically  th-^ 
it  whirls  in  the  chamber  and  discharges  through  a  side  outlet  in  tf^ 
form  of  a  spray.  The  whirl  thus  produced  is  very  intense  and  gives  tL^ 
duid  such  centrifugal  motion  as  will  disperse  it  broadly  from  the  orific- 
4ind  thus  produce  a  very  finely  atomized  spray.  The  spraying  powC; 
varies  with  certain  details  in  the  proportions  and  construction  of  tl^ 
|)assages  and  other  parts.  With  a  suitable  straiping  device  in  the  bai^ 
of  the  pump,  bodies  large  enough  to  clog  the  small  outlet  cannot  ente^ 
but,  should  clogging  materials  enter  otherwise  to  interfere  with  th- 
<lischarge,  the  face  and  back  of  the  chamber  may  be  easily  taken  apar: 
to  remove  matters  from  the  interior.  The  nozzles  project  so  little  be 
yond  the  supply-pipe  as  hardly  to  catch  upon  the  plants,  and  in  earn 
any  objection  be  raised  to  the  slight  recess  sometimes  occurring  betwee=^ 
the  chamber  and  its  pipe,  that  may  be  filled  completely  by  metal.  ThS 
«ame  nozzle  is  used  with  equally  good  effect  on  other  pipes,  hydronette^s 
syringes,  or  pumps,  as  well  as  on  blast  atomizers,  and  is  unsurpass^ 
for  spraying  diagonally  or  upward,  as  here  desired. 

The  final  peculiarities  of  the  nozzles  and  distributing  parts  of  tfe 
machine  just  described  have  been  attained  in  the  course  of  extendi 
experimentation  in  my  work  under  Professor  Riley,  and  I  have  co^ 
biued  them  with  each  other,  with  various  forcing  media,  and  with  mea  " 
of  support  and  conveyance  in  some  of  the  ways  which  seemed  to  wr 
practical.  Before  noticing  other  examples  of  their  application  it  \c^ 
be  well  to  consider  their  internal  anatomy  more  carefully  here.  1^ 
this  purpose  attention  ma^-  be  directed  to  Plato  XLIX,  Figs.  2  tc^ 
Plate  XXXIX,  Fig.  4,  illustrates  the  form  of  fork  used  in  the  compow- 1 
machines  represented  in  the  plates  cited,  while  Plate  LXIX,  Figs.  2 
7  present  several  modifications  of  the  fork  and  its  parts  as  planned  s^i 
tosted  by  myself. 

Referring  to  the  figures  cited  the  parts  may  be  explained  as  follo^w^i 
A  is  the  coupling  or  segment  of  hose  or  other  suitable  material,  and  t 
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t^lie  main  pipe  ofthe  Y-fork.    This  main  may  be  of  any  j)ra€tical  length 
SkS  a  pipe,  or  can  be  short  enough  to  be  regarded  only  as  a  coupling 
part    The  angle  coupling-piece  proper,  indicated  by  y,  can  be  vari- 
ously made.    For  example,  a  solid  piece  may  be  bored  with  three  con- 
verging intercepting  holes,  or  these  passages  can  be  cored  out  in  a 
castJDg.    The  piece  may  have  any  suitable  form  or  weight.    It  should 
be  rounded  in  front  and  rather  smooth  in  order  not  to  catch  or  hang 
upon  vines  or  other  bodies,  and  it  may  have  a  basal  lobe  extending 
back  beneath  or  to  the  sides  to  prevent  injuries  to  the  parts,  e  j  y. 
These  part«,  as  a  rule,  are  not  necessarily  to  be  protected.    But  I  have 
sometimes  added  a  thin  sheet-uetal  plate  with  more  or  less  up  turned 
sides,  while  it  is  firmly  attached  or  hung  loose,  as  in  Plate  XXXIX, 
Fig.  3  ej.    Goui)ling-nibs,  tj  j,  are  screwed  or  sweated  into  the  angle- 
piece,  y.    I  also  have  planned  other  fork  constructions,  and  one  is  shown 
in  Plate^XXXIX,  Fig.  5.    This  style  works  excellently,  and  probably 
offers  .about  the  least  resistance  possible  to  the  inside  current.    It 
consists  of  two  curved  tubes,  j^",  cut  and  matched  together  as  shown, 
one-half  being  cut  from  one  end  of  each  and  the  two  half  emls  are 
united  side  to  side  to  form  the  single  entrance  to  the  two  diverging 
parts.    Such  a  fork  is  both  strong  and  light.    In  the  angle  y  can  be 
inserted  a  filling  or  brace  to  increase  its  strength.    Probably  the  easiest 
'^ay  of  joining  tubes  to  form  the  angle-piece  is  that  shown  in  Plate 
XLIX,  Fig.  4,  as  a  simple  right  angle  T-tube.    In  this  e  represents  the 
sheatb-eouplings  of  rubber  hose.    When  this  method  of  couiiling  is 
^sed  the  ends  of  the  tubes  should  be  slightly  flared  or  grooved  or  an- 
nulated  on  the  outside  to  keep  the  hose  and  wire  wraps  from  being  pulled 
^ff.   When  desired  metallic  joints  can  be  made  at  these  places.    Such 
**^  shown  in  combination  with  the  reverberatory  chamber-fork  in  Plate 
^XlX,  Fig.  3,  where  the  outside  flange  of  the  end  of  the  arm-piece  is 
^^anaped  against  the  centerpiece  (or  an  intermediate  packing-ring)  by 
^*i«  inside  flange  of  the  nut.    This  gives  the  joint  freedom  of  rotation, 
^he  other  essential  parts  of  this  figure  need  no  further  explanation  here, 
^he central  chamber  there  appearing  is  of  more  special  value  as  an  equal- 
^^J"  iu  distributing  blasts  laden  with  powders  or  liquids. 

f  h  >  pair  of  arm -tubes,  e  i  n,  may  extend  from  their  focus,  form  ing  T-pipe 

^''^nehes,  or  they  may  be  set  at  any  suitable  angle  with  each  other  or  with 

*^«ir  main  as  Y-pipe  branches,  and  they  can  have  any  length  that  is 

^^ctical.    These  branches  may  be  entirely  stifl",  or  partly  or  entirely 

^ible  or  elastic.    When  stiff,  if  continued  straight  throughout  their 

^^gth,  the  distal  portions  especially  will  be  liable  to  catch  upon  obsta- 

^^  and  upon  the  plants,  to  injure  the  latter  or  cause  the  pipes  them- 

f^^^'es  to  be  damaged  by  breakage  or  bending.    To  prevent  these  lateral 

inches  from  mutilation  or  mutilating  I  have  generally  directed  them 

^oolly^  or  at  least  their  distal  portions,  in  a  somewhat  backward  man- 

^^'   Such  a  stiff  form  is  shown  in  Plate  XLIX,  Fig.  6,  where  eae>hatvev 

\       *^^  a  regular  backward  curve.    The  arms  are  joined  \)y  a  te^viVsct  T 
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coupling,  and  are  entirely  stiff  tbroiighout.  The  branch,  h  f,  may  ah 
be  stiff,  but  in  case  the  arms  are  rigid  it  will  generally  be  preferab 
that  this  main  be  flexible  throughout,  or  at  least  in  one  of  its  jnnc 
ures,  h.  Any  or  all  of  the  three  tubes  forming  the  fork  may  be  made  e 
tirely  elastic  by  using  hoae-tubing  with  coiled  or  straight  springs  i 
the  outside  or  the  inside  of  the  same.  A  straight  piece  of  spring  met 
is  generally  preferable  from  being  simpler  and  cheaper.  In  •ose  iu 
peculiar  curve  or  position  is  to  be  given  to  the  hose-tubes  it  may  sia 
larly  be  done  by  a  rod  having  elastic  or  inelastic  properties.  To  pi 
vent  such  a  rod  from  sliding  out  of  its  proper  position  in  the  tube* 
should  be  secured  in  at  least  one  point.  In  Plate  XLIX  Fig.  5  is 
sectional  view  of  a  fork  showing  how  the  rod  may  be  inserted  and  fsi 
ened ;  t  is  the  insertion  of  the  main,  and  j  represents  the  arms  or  tli 
coupling-pieces,  while  y  is  the  angle  coupling.  The  rods  to  extend  it 
the  branches  are  indicated  by  a  c.  In  this  case  they  are  shown  wi 
the  one  end  s  free  while  the  two  cross  in  the  angle,  and  each  has 
other  end  riveted  or  soldered  at  c,  in  a  hole  drilled  through  the  Wci. 
of  the  passage.  Where  the  central  piece  is  a  casting  this  method 
sometimes  the  best,  but  in  Plate  XXXIX,  Ficr.  4,  a  single  rod,  rep:i 
sented  by  the  broken  line  8  »,  extends  around  through  both  arms  acti  » 
as  a  V-spring.  Where  the  middle  coupling  is  made  by  joining  pieces 
])ipe  [  J&.,  Fig.  5.],  a  rod  of  such  shape  is  easily  inserted  before  the  parts  i» 
united.  Other  variations  in  the  construction  of  these  same  devices  c^ 
be  thought  out  by  any  practical  mechanic,  and  hence  such  need  not  ^ 
described  here.  When  long  sections  of  hose  are  used,  where  they  te^ 
to  sag,  bend,  or  kink  as  along  the  more  or  less  horizontal  supportir 
bar  or  frame,  or  in  the  nozzle-bearing  arms,  inside  rods  should  be  i 
serted  as  supports.  They  are  also  of  value  to  hold  hose  sections 
any  particular  curve  desired.  The  flexible  sections  or  jointsheatH 
e  e,  are  easily  made  by  any  planter  and  require  no  special  mechanics 
skill.  The  hose  segment  should  fit  tight nipon  the  metal  one  and  be  he? 
firmer  by  a  single  band  or  wire  wrap,  o,  twisted  or  clinched  tight  arou* 
it.  The  flexibility  of  hose-coupled  joints  allows  no  breakage  of  t" 
pipes,  by  permitting  only  tensile  strain  without  lateral  strain,  ronderia 
repair  seldom  necessary,  whereas  with  stiff  joints  the  segments  are  ves 
liable  to  bend  or  break,  especially  at  their  ends,  Where  weakened  by  tr 
thread  cut  for  insertion  in  the  screwcouplings.  Stiff  systems  requ 
the  pipe  to  be  several  times  heavier  to  prevent  bending  and  breaka  . 
Thus,  aside  from  the  economy  in  having  much  less  weight,  the  ligh 
tubing  costs  less ;  and  this  reduction  iu  weight  and  price  allows  " 
use  of  brass  tubes,  which  are  much  i)ret*erable  to  heavy  iron  pipes  t  ^ 
rust  and  are  otherwise  objectionable.  Also,  on  this  plan,  even  light  z» 
tin,  or  other  sheet-metal  sections  or  angle-pieces  which  are  not  solder 
stiffly  together,  but  are  easily  separated  or  joined  by  anj*  planter,  < 
be  employed.  The  lightest  and  cheapest  apparatus  can  be  mado^ 
these  waySj  and  with  the  least  amount  of  labor  and  skill  in  constm 
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lug  or  repairing  tiiem.    It  was  for  tliese  reasons  that  I  first  used  flexile 
systems  of  tabes  and  cheap  apparatuses  to  be  tested.    When  they  trail 
upon  the  ground  they  are  not  affected  by  its  irregularities,  nor  do  they 
catch  apon  the  plants  to  receive  or  give  injury,  but  conform  easily  to 
all  changes  of  the  ground  or  the  rows.    In  turning  in  the  cotton  the 
haogiug  flexile  forks  drag  through  among  the  plants,  and  when  the  ap- 
paratus is  turned  short  on  only  two  wheels  so  that  one  of  its  sides 
swings  somewhat  backwards  while  the  other  goes  around,  or  when  the 
machine  is  backed  by  any  accidental  or  intentional  movement  of  the 
horses  in  the  cotton,  the  forks  are  not  pushed  into  or  against  the  plants 
ui  the  injurious  manner  which  might  result  were  the  stem  and  branch 
P'pes  entirely  stiff;  but  in  such  cases  the  pliable  pipes  bend  while  the 
^ower  part  of  the  fork  does  not  move  or  else  is  dragged  backward  with 
^o  possible  harm.    But  in  order  that  the  wheels  in  turning  do  not  lun 
onto  the  fork-arms  if  lying  on  the  ground,  these  must  be  suspended 
fit>ia  safe  points  either  before  or  behind  the  wheel,  or  at  such  a  distance 
^  one  side  from  the  wheel  that  it  cannot  be  turned  forward  or  backward 
^o  roll  u)K)n  the  arms.    The  peculiar  disposition  of  the  parts  in  the  A- 
^'^aine  machines  shown  in  the  plates  is  such  as  to  insure  safety  in  these 
'"^^pects.    It  should  also  be  added  that  bk)ck-tiu  pipes  and  coj^per  or 
'^^d  tubes  are  valuable  on  account  of  their  being  less  subject  to  corrosion, 
^^t  the  softness  or  pliability  of  these  metals  allows  such  tubes  to  bend 
^^«ily,  hence,  where  employed,  they  should  bo  attached  at  short  iu- 
^''vals  upon  some  rigid  support  or  have  a  stiff  internal  rod  such  as  I 
*^ave  introduced  in  hose  to  maintain  it  in  such  direction,  course,  or  po- 
sition as  may  be  wished.    Zinc  does  not  rust,  but  is  most  easily  cor- 
^'oded  by  anything  of  an  acid  nature.    It  will  generally  be  preferred  to 
Common  tin,  but  is  somewhat  softer  and  breaks  more  easily.   Such  pipe 
Systems  can  be  used  with  any  kind  of  poison  receptacle  or  with  any 
forcing  medium,  such  as  a  force-pump,  bellows,  gas-pressure  generator, 
or  a  gmvitating  column  of  liquid. 

Por  pipe-systems  of  stiff,  flexible,  or  flexible-jointed  tubing,  embrac- 
^^g  forks  of  the  kinds  just  described,  to  be  carried  or  trailed  through 
the  field,  I  have  combined  groups  of  various  sizes,  including  two  or 
^ore  of  the  forks,  and  some  different  means  of  support  and  conveyance 
^f  the  same  need  to  be  considered  here.    The  old-fashioned  way  of  giv- 
ing support  to  the  primary  or  main  trunk-branches  of  tubes  by  attach- 
^^g  them  to  the  rear  horizontal  parts  of  any  suitable  vehicle,  to  some 
'rame,  bar,  or  box  upon  the  same,  is  naturally  the  simplest;  but  adjust- 
ability to  suit  row-spaces  of  different  widths  is  desired,  and  diflerent  ar- 
^ngements  with  these  should  be  adopted.   As  illustrating  this  topic  the 
following  machine  should  be  noticed.    This  machine  was  planned  by  me 
*^d tested  to  show  a  possible  adjustability  and  the  possible  width  that 
^ght  be  embraced  in  one  of  these  machines.    Plate  XL VII  exhibits  a 
^r  view  of  this  apparatus  as  cut  from  a  photograph  of  it  taken  to 
show  its  operation  in  the  field.    The  cotton  being  unuaualls  sm^\Vvi^i^iL 
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partly  stripped  the  machine  is  mach  less  coDcealed  than  it  would  be 
had  a  field  of  larger  cotton  been  selected.  The  ground  plan  of  the 
frame  and  system  of  pipes  is  diagramatically  illustrated  in  Plate 
XLIX  in  Fig.  1,  while  the  same  device  as  folded  narrow  to  be  hauled 
through  gat'^8,  &c.,  is  cut  from  a  photograph  as  seen  in  Plate  XL VIII. 
By  reference  to  the  diagram  the  frame,  a  x  Iz^is  seen  to  be  A -shaped, 
and  is  composed  of  two  main  bars,  a,  hinged  together  by  a  bolt,  at  o, 
extended  by  two  long  arms,  x  Z,  spliced  on,  at  a?,  while  a  cross-piece,  zz, 
is  bolted  on  as  a  set-bar  upon  which  the  side  bars  can  be  set  at  a  wider 
or  lesser  angle.  Numerous  holes  for  this  purpose  will  be  seen  in  the 
eross-bar.  This  cross  piece  is  also  cut  and  spliced  at  its  middle  so  that 
its  one  half  can  lap  against  the  side  of  the  other  when  the  frame  is 
narrowed.  Beneath  the  side  bars,  near  their  middle,  legged  wheels  are 
attached. 

These  appear  best  in  Plate  XL VIII.    The  crank-axle  of  the  wheel 
has  a  round,  upturned  pivot  inserted  in  the  base  of  the  vertical  leg 
which  is  tubular,  being  a  piece  of  heavy  gas-pipe  with  a  solid  T-plate 
welded  in  the  top  and  bolted  to  the  frame.    The  crank -axle  also  has 
attached  to  it  by  a  band  clamp  a  stout  brace  extending  upward  and 
forward  to  the  crossbar.    The  pivot  arrangement  allows  the  wheel  to 
be  set  parallel  to  the  rows  after  being  thrown  out  of  parallelism  by  set- 
ting the  side  bars  closer  or  farther  from  each  other.    The  legs  described* 
elsewhere,  and  shown  in  the  machine  figured  in  Plate  L,  are  likewise 
adjustable  on  a  vertical  pivot  and  answer  the  same  purpose,  while  the^ 
are  simple,  strong,  and  on  some  accounts  preferable  to  those  here  used^ 
They  may  be  employed  on  the  A-frame  instead  of  these.    The  frame  \r 
thus  supported  at  its  sides  near  the  middle,  so  nearly  all  of  its  weighs 
comes  on  the  two  wheels;  but  its  forward  half  is  the  heavier,  and  thfii 
is  sustained  and  the  whole  is  drawn  by  the  apex-attachment  to  tlH 
hind  end  of  the  body  of  a  wagon.    This  frame  should  be  hinged  fas-s 
preferably  near  one  corner  of  the  body  and  at  a  point  over  the  cent^ 
of  the  row  interspaces.    This  can  be  done  in  various  ways,  but  a  mov — 
ment  up  and  down  as  well  as  laterally  and  some  degree  of  rockii^z 
should  be  allowed  at  this  joint  between  the  wagon  and  the  frame, 
can  be  linked  by  a  clevis  or  otherwise  to  the  eye  of  the  end-gate  ro^ 
but  a  stronger  fastening  consists  of  a  thick  block  4J  by  4J  inches 
little  longer  than  the  width  of  the  box,  but  with  its  ends  halved  out 
allow  it  to  drop  snugly  half  way  in  and  hang  close  against   the  en^ 
gate,  against  which  it  is  pulled  by  the  frame  which  has  a  pivot  or  b^ 
inserted  through  its  front  end  and  through  one  end  of  the  block.    M 
this  arrangement  the  strain  upon  the  end-gate  is  somewhat  equalizer 
and  the  whole  is  easily  detached,  for  at  this  connection  the  wa 
should  be  conveniently  separated  whenever  it  is  to  be  driven  off  fo 
fresh  supply  of  water. 

In  Plate  XLIX;  Fig.  1,  the  system  of  pipe-branches  appears  separa 
slightly  from  the  side  bars  to  which  its  main  branches  are  normally 
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cbed,  and  is  designated  by  the  letters  owvct,  &e.  The  Y-forks,  tyn, 
e  the  same  as  have  been  described.  Each  of  these  is  joined,  at  Vy  to 
2:>ide  branch  of  the  pipe  on  the  sidebar.  Such  a  branch  is  shown  at 
h,  Plate  XLIX,  Fig.  8.  This  branch  is  preferably  made  of  a  piece  of 
be  cut  very  diagonal  and  sweated  on  over  a  hole  in  the  arm-pipe, 
lie  diagonal  cat  gives  it  a  much  longer  attachment,  and  the  acute  angle 
in  be  more  easily  filled  or  braced,  at  v,  than  could  a  right  angle.  Even 
here  a  right-angled  fork  is  desired  it  had  better  be  formed  in  this  way 
Dd  then  have  a  curve  to  bring  its  distal  parts  to  a  right-angled  direo 
Lon.  The  straight  part  shown  in  Fig.  8  can  be  very  short,  and  thus 
ave  only  the  length  of  a  coupling,  or  it  may  extend  as  an  entire  long 
ection  reaching  to  the  next  branch.  In  the  latter  case  the  machine 
Fill  embrace  fewer  pieces  and  be  simpler  in  construction.  The  sections 
►f  pipe  upon  the  frame  are  preferably  joined  together  by  sheath-coup- 
ings  of  hose  with  single  wraps  of  wire  or  metal  bands.  The  main 
►ranch,  o,  of  this  pipe-system  is  connected  by  a  hose  to  the  spout  of  a 
orce-pump,  operated  as  in  Plates  XLVI  and  XLVII.  Any  suitable 
^rce-pump  may  be  used;  but  that  described  (p.  282)  and  illustrated 
Plate  XLVI)  is  probably  the  best. 

This  machine  is  probably  the  broadest  one  ever  put  on  wheels.  It 
i>i8ons  sixteen  rows  at  one  time,  a  strip  about  60  feet  or  20  yards  wide. 
et  the  whole  concern  is  light,  and  as  I  tested  it  in  the  cotton,  the  pull- 
tR  was  easy  work  for  two  horses.  This  is  about  the  maximum  size 
lat  can  be  used  practically,  and  experience  may  demonstrate  that  it  is 
etter  to  use  a  narrower,  more  wieldy  machine  and  drive  at  greater 
[^ed.  One  of  the  smallest  force-pumps  of  the  trade  with  a  J  inch  or 
inch  spout  supplies  it  with  sufiQcient  liquid  and  pressure  without  being 
I'esome  work  for  one  man,  and  with  my  nozzles  it  required  only  10  to 
^  gallons  to  poison  an  acre,  whereas,  before  their  introduction,  40 
'Villous  or  more  were  required.  By  these  devices  the  poison  can  be 
'Jore  evenly  and  sparsely  diffused,  and  one^third  the  amount  of  poison 
^Q8  iipplied  will  be  equally  as  effective  as  the  whole  amount  admin- 
istered with  the  other  devices  now  known.  With  large  cotton  more 
*^JRon  and  more  water  should  be  distributed,  so  the  amount  of  water 
*''^h  these  nozzles  will  probably  vary  from  10  to  25  gallons  per  acte, 
^^d  the  poison  in  proportion.  After  the  pipes  are  once  cleared  of  rub- 
^'^h,  the  strainer  on  the  pump  prevents  clogging  material  from  reach- 
^S  the  nozzles  and  there  is  comparatively  little  difficulty  from  choking 
^  the  outlets.  When  this  does  occur  each  nozzle  is  readily  opened  to 
^'Jiove  any  obstructing  object.  At  the  outset  it  is  desirable  to  pump 
**^  rapidly  until  the  pipes  are  filled,  all  the  air  is  out,  and  a  good 
*^ssure  established  equally  upon  all  the  jets ;  then  the  spray  will  be 
^^harged  regularly,  filling  the  rows  with  a  very  fine  mist,  which  poi- 
^3  all  surfaces  of  the  plant  but  especially  the  under-surfaces,  where 
^  poison  will  be  practically  permanent  to  destroy  existing  worms  or 
^vent  others  thereafter. 
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Macbiues  of  the  above  description  but  of  smaller  size  do  not  need 
the  legged  wheels,  but  are  mounted  entirely  upon  the  cart  or  wagon, 
in  which  case  the  cross-bar  of  the  frame  rests  upon  the  rear  part  of 
the  vehicle,  and  the  front  angle  of  the  frame  is  attached  farther  for- 
ward ;  but  where  extremest  width  is  aimed  at  wheels  so  close  together 
as  those  of  a  wagon  are  objectionable,  since  their  lateral  rocking  on 
passing  upon  the  row-ridges  or  other  irregularities  would  cause  the 
long  arms  to  be  thrown  alternately  up  and  down  to  an  undesirable  ex- 
tent.   This  can  be  somewhat  obviated  by  directing  the  arms  somewhat 
upward,  but  where  greatest  expanse  is  sought  wheels  farther  apart  to 
straddle  two  or  more  rows  will  remedy  the  fault  just  mentioned.    As  a 
rule,  smaller  machines  will  probably  be  used  to  avoid  the  extra  expense 
of  special  wheels  and  legs.    And  where  cotton  is  uniformly  planted,  or 
the  adjustability  is  not  aimed  at,  the  cross-bar  alone,  in  its  simplest^ 
form,  or  a  pair  of  the  long  arms  spliced  together  to  extend  straight: 
across  and  far  off  from  the  vehicle,  will,  of  course,  be  sufficient  wiUrn 
any  forms  of  ordinary  jointed  tubes.    Yet  there  are  practical  plans 
for  altering  the  pipes  on  the  straight  cross-bar  to  suit  row-spaces  o^ 
diverse  widths.    The  first  is,  to  have  no  intermediate  segments  joining 
the  pipes  but  have  them  all  radiate  from  a  central  source  to  the  bar,  o^ 
which  they  are  adjustably  fixed  by  screw-clamps,  hooks,  or  otherwise 
and  from  which  they  continue  parallel  onward  to  their  juncture  wit— 
the  distal  arms.    This  makes  a  pipe-system  of  the  smallest  number  ^ 
pieces,  but  it  takes  more  of  the  tubing  than  does  the  segmental  co 
struction.    Secondly,  the  method  of  employing  segments  which  are  a^ 
instable  in  length  can  be  resorted  to. 

The  i^atterns  I  have  made  for  this  arrangement  are  represented 
Plate  XLIX,  Figs.  9  and  10.    We  may  first  consider  that  shown 
Fig,  0.    The  metal  part  with  its  side  branch  is  indicated  by  mb.    T  n 
other  half  of  the  segment  is  a  piece  of  hose,  h,  clamped  to  the  rae^t: 
parts  by  wire  wraps,  o,  at  its  ends.    It  will  be  seen  that  the  me"^^ 
part  telescopes  deeply  into  the  hose  and  the  two  tubes  thus  overL  — 
concentrically  so  far  that  there  is  a  wide  range  for  the  adjustment 
the  one  upon  the  other  in  a  back  and  forth  direction  to  set  the  sectm^-* 
thus  formed  wider  or  shorter  as  may  be  required.    As  already  stat:^^ 
above,  the  hose  piece  may  have  inside  itself  a  small  rod  to  give  it  &msM 
port.    The  same  effect  is  also  accomplished  by  the  design  in  PI 
XLIX,  Fig.  10,  where  m  &  is  a  smaller  half  of  the  segment  telesco 
into  w,  the  larger  half,  and  at  h  is  a  sheath-coupling  wired  to  both. 
00.    The  former  of  the  two  plans  gives  a  simpler  and  lighter  set> 
tubing.    The  lightest  set  of  tubes  and  simplest  to  make  is  where  o 
hose  is  used  for  the  segments  and  all  parts  except  the  angle-coupli 
and  nozzles,  while  the  flexible  parts  are  sustained  by  tension  or       ^ 
small  rods  inside.    The  cost  of  materials  for  sets  of  this  kind  is     ^^a 
greater  than  for  brass  tubing,  though  less  durable.    Also  the  cost; 
making  is  not  so  great  with  the  rubber;  and  then  any  planter    <^^ 
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repstir  the  machine  or  pat  it  together  without  engaging  a  plamber. 
And  this  is  a  weighty  reason  why  hose-coaplings  only  should  be  em- 
ployed in  all  tabuig  that  mnst  be  manipulated  by  those  who  are  not 
plixmbers.  The  principles  here  set  forth  will  also  find  application  in 
mskiij  other  machines. 

Another  method  of  setting  the  system  of  nozzles  wider  apart  or 
nearer  together  to  suit  fields  having  rows  of  different  widths  is  the 
simplest,  as  effected  by  the  A-frames.  In  these  it  is  only  necessary  to 
sbiftone  bolt  on  the  cross-bar  and  all  the  branches  at  once  are  thereby 
approximated  or  sepaiated  to  suit  narrower  or  wider  rows  without 
necessitating  the  alterations  of  any  pipe-joint.  The  dichotomous  sys- 
tem of  pipes  thus  adjusted  upon  any  suitable  conveyance  gives  excel- 
lent satisfaction  and  is  employable  with  any  suitable  forcing  medium, 
for  bellows,  gravitation,  pumps,  and  gas  generators  have  been  utilized 
^y  me  in  testing  these  systems.  The  engagement  of  gravitation  in  this 
^^onnection  will  next  be  considered. 
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FOB  LIQUID  POISON. 

•^  these  only  the  weight  of  the  liquid  or  the  gravitational  force  is 
^Saged  for  spraying  or  sprinkling.  The  devices  under  this  heading 
?^*y  be  classed  as,  1,  Wheeled,  2,  Horse-back,  3,  Knapsack,  and,  4, 
'^^aud  automatic  sprinklers. 

.  ^HEELED  Automatic  Spuinklebs. — Closely  related  to  the  forego- 
^^^8  apparatuses  is  another  appearing  in  Plate  L.  This  I  have  called  The 
^*^pod  Automatic  Sprinkler.  The  frame  is  triangular  upon  legged-wbeels 
*^  its  comers,  its  two  lateral  corners  with  extension-arms  spliced  uj)oii 
^^  cross-piece  and  not  radially  placed,  while  its  front  is  provided  with 
^**afts,  and  on  top  is  mounted  a  tripod  with  a  windlass,  pulley,  and  rope 
*or  lifting  and  holding  suspended  at  a  considerable  height  the  barrel  of 
J^^ison  as  shown.  The  whole  poisons  twelve  rows  at  one  time,  or  a  strip 
^tiont  40  feet  wide.  It  is  drawn  easily  by  a  single  mule  and  requires  but 
^^ie  man,  the  driver,  to  operate  it.  He  rides  upon  a  seat  near  the  front 
**^d  can  work  the  windlass  to  lift  the  poison  from  the  ground  to  such  a 
*^^igbtthat  gravitation  gives  the  pressure  for  squirting.  The  legs  are 
^^'^hes  (of  iron  f  inch  by  3  inches  thick)  pivoted  to  the  frame  and  clamped 
**^  it  by  nuts  upon  their  bolts  (1  inch  thick)  at  the  top.  Through  the  lower 
^^tiemity  of  the  forked  legs  is  the  iron  bolt,  which  serves  as  the  axle  of  the 
^^eel.  Common  wagon  or  cart  wheels,  having  the  hub  filled  with  a  tight 
plug  perforated  bj  an  axial  hole  suited  to  turn,  or  turn  upon,  the  iron  bolt, 
^Uaweu  for  use  in  the  legs,  saving  the  expense  of  making  special  ones  at 
^Uch  cost  for  the  machine.  The  top  pivots  of  the  leg-arches  also  bolt  the 
^^'^ar  cross-bar,  and  the  two  diagonal  bars  and  these  parts  with  the  wheels 
^laomay  be  set  wider  or  narrower  to  other  holes  in  the  cross-bar.    The 
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latter  also  has  a  median  splice,  which  may  be  separated  to  allow  one 
its  halves  to  fold  against  the  side  of  its  other  when  the  machine  is  to 
made  very  narrow  for  hauling  through  gates,  &c.  For  this  purpo 
also  the  extension-arms  at  the  sides  and  spliced  to  either  of  the  ends 
the  diagonal  bars,  or  the  cross-bar  may  be  turned  forward  to  lie  pars 
lei  to  the  diagonal  pieces,  and  the  barrel  should  be  lowered.  The  re 
tripod-legs  close  also,  for  they  are  joined  to  the  frame  by  hinges.  Tl 
wheels  should  not  be  set  too  close  together,  else  the  high  tripod  may  t 
ovepn  driving  upon  the  row  ridges  or  other  obstacles.  The  shafts  a 
hinged  to  arms  upon  the  front  leg,  and  this  with  the  wheel  can  tui 
easil}'  at  the  top  upon  the  pivot  which  is  loose  in  the  arch,  but  has 
collar  clamped  tight  to  the  frame.  The  front  leg  of  the  tripod  has  foe 
pins  by  which  to  ascend  to  the  pulley  at  the  top.  The  windlass  is 
iron  with  a  cylinder  about  1^  inches  in  diameter  and  a  crank  18  inch 
long.  This  has  a  stop-button  on  the  front  tripod-leg,  which  also  su 
ports  the  windlass.  Two  small  two-wheeled  pulleys  are  used  with 
rope  three  fourths  of  an  inch  thick.  Its  end  is  provided  with  a  pair  i 
barrel-hooks,  which  clutch  the  chimbs.  A  fall-sized  barrel  of  x>oisou( 
water  is  raised  by  one  hand,  but  it  is  rather  hard  straining  unless  gea 
be  added  to  give  better  leverage.  A  small  half-barrel,  wine  or  beer  k€ 
that  will  hold  from  10  to  20  gallons  is  much  preferable.  With  tbeba 
rel  10  to  12  feet  high  pressure  enough  to  sprinkle  ordinary  cotton  fro 
beneath  is  secured,  and  with  my  cyclone  nozzles  it  applies  10  to  15  gs 
Ions  to  the  acre.  The  machine  does  not  thus  give  as  much  pressare 
would  a  force-pump,  and  hence  the  spray  is  much  coarser.  When  r 
sired,  a  small  force-pump  is  secured  to  the  frame  and  may  be  work 
with  one  hand  or  a  treadle,  or  a  racliet  lever  playing  upon  the  spokes 
upon  lugs  attached  to  the  fellies  or  rim  of  the  wheel.  If  the  barrel  isc 
carried  low  upon  the  frame,  the  pump  should  be  attached  upside  do\" 
The  arrangement  of  the  pipes  is  on  essentially  the  same  plan  as  1:: 
already  been  described.  The  wheels  being  far  apart  and  at  the  th"i 
angles  of  a  triangular  frame  it  conforms  excellently  to  all  undulations 
the  ground  and  has  a  broad  base  to  support  the  barrel,  wliich  is  si 
ated  as  within  the  apex  of  a  pyramid.  The  frame  can  be  made  » 
put  together  easily.  This  machine,  whether  operated  automatically 
by  a  pump,  is  a  practical  device,  and  where  wagon  wheels  are  usee; 
will  not  prove  high  priced. 

"  The  Schanck  Sprinkler^ — This  sprinkler,  invented  by  Mr.  Lafaj'C? 
S.  Schanck,  of  Marlborough,  N.  J.  (patent  No.  2156S3,  May  20,  ISC 
consists  of  the  barrel  with  a  stirring  apparatus  and  with  two  or  ub. 
pipes  connected  with  the  bottom  of  the  barrel,  each  having  a  fin^ 
perforated  nozzle.    The  whole  apparatus  is  placed  on  a  cart. 

*'  The  Taylor  Sprinkler. — The  sprinkling  apparatus  of  the  Tay 
dusting  and  sprinkling  machine  should  be  mentioned  in  this  conn 
tion.  Plate  LVI,  Fig.  4,  gives  a  representation  of  this  machine,  I 
with  the  dusting  arrangemgnt  detached.    Leaving  out  those  parts  tl 
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bave  been  already  described,  this  sprinkling  apparatus  may  be  explained 
follows : 


'*  The  letter  I  represents  a  metal  strap,  attacliud  to  the  rear  bar  of  the  frame,  G,  with 
the  end  parts  bent  forward  at  right  angles  and  with  holes  to  receive  the  Jonmals  of 
the  cylinder,  H,  the  arms  of  the  strap  thus  serving  as  springs  to  keep  the  cylinder  in 
place.    By  a  simple  arrangement,  indicated  in  the  figure,  the  frame,  G,  may  be  ad- 
justed higher  or  lower  to  the  standards,  D,  according  to  the  height  of  the  plants.    In 
the  npper  side  of  the  cylinder,  H,  are  formed  a  number  of  small  holes,  through  which 
the  liquid  poison  escapes  to  the  plants.    In  the  center  of  the  perforated  side  of  the 
cylinder,  H,  is  formed  a  hole  in  which  is  secured  the  tube,  J,  through  which  the  poison 
is  poured  into  the  said  cylinder.    The  inner  end  of  tube,  J,  is  soldered  in  part  to 
the  inner  surface  of  the  opposite  side  of  the  cylinder,  H,  to  prevent  it  from  being 
loosened  by  the  pressure  of  the  liquid.  .  Id  the  sides  of  the  inner  end  of  the  tube,  J, 
are  formed  holes  of  such  a  size  that  the  liquid  will  readily  pass  out  of  the  said  tube 
into  the  cylinder,  H.    To  the  rear  side  of  cylinder,  H,  are  attached  loops,  K,  to  which 
are  attached  cords,  L,  which  pass  through  eyes,  M,  or  around  pulleys  attached  to  the 
rear  bar  of  the  frame,  G.    From  the  eyes  or  pulleys,  M,  the  cords,  L,  pass  over  the  cyl- 
inder, H,  and  are  attached  to  the  projecting  end  of  the  tube,  J.    The  cords,  L,  serve 
to  secure  the  cylinder,  H,  in  place  and  limit  its  movement  when  turned  upon  its  journals. 
One  or  more  balls,  N,  may  be  placed  in  the  cylinder,  H,  which,  when  the  cylinder 
becomes  empty,  make  ii  noise,  and  thus  notify  the  operator. 

**  If  desired,  the  cylinder,  H,  may  be  rigidly  secured  to  a  single  bar,  G,  attached  to  a 
single  standard,  D.  In  this  case  holes  must  be  formed  also  in  the  upper  side  of  the 
cylinder,  II.  The  holes  in  the  upper  side  let  the  air  escape  in  filling,  and  admit  air  te 
cause  the  liquid  poison  to  flow  ont  through  the  lower  holes.  This  construction  is  a 
little  aimpler  and  cheaper  than  the  other,  but  causes  a  slight  waste  of  the  poison,  as 
*ome  of  the  poison  wiU  flow  ont  through  the  lower  holes  while  the  cylinder  is  being 
filled. 

"The  operator  may  be  protected  from  the  poisonous  liquid  by  cloth 
i^reens  placed  upon  the  opposite  sides  of  the  handles,  B,  and  attached 
*^  their  upper  and  lower  edges  to  two  pairs  of  rearwardly  projecting 
^^ttrs  attached  to  the  frame- work  of  the  machine.   . 

"The  sprinkling  apparatus  mentioned  in  connection  with  the  Eobin- 
^n  Dusting  and  Sprinkling  machine,  described  on  page  — ,  consists  of 
*  tank,  B,  for  holding  the  liquid,  and  of  a  sprinkling  tube,  C,  connected 
^ith  the  tank  and  extending  across  the  frame  and  beyond  far  enough 
^o  reach  the  two  outside  rows.  This  tube  has  small  perforations,  D,  at 
^^e  ends,  and  also  at  the  middle,  E,  for  sprinkling  the  liquid  upon  three 
^^^8  of  cotton.  A  gate  or  valve,  F,  is  arranged  in  the  tank  to  shut  off 
*'*^^  liquid  from  the  tube  or  to  regulate  the  discharge.  The  end  of  the 
^'•be  is  to  be  closed  with  a  cap  or  plug,  so  that  it  can  be  opened  and 
^  he  perforations  be  cleaned  ouf 

^^tion  Force-pumps  and  Windlass  Elevators^  for  filling  large  elevated 
^nks  or  raising  them,  belong  very  properly  to  the  subject  of  whceled- 
*Prtnklers,  but  cannot  be  entered  upon  in  detail  at  present.  Barrels  of 
^^nid  can  be  loaded  onto  vehicles  by  the  usual  methods  of  rolling  them 
H^P  an  inclined  supports,  &c.,  also  they  may  be  elevated  by  pulley,  wind- 
^^,  or  derrick  arrangements ;  but  in  many  instances,  especially  where 
*^^  Water  is  to  be  taken  from  a  creek  or  other  body  of  water  to  the  brink 
^^  which  the  conveyance  may  be  brought,  it  inmost  convenient  to  pum\^ 
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the  water  directly  up  into  the  reservoir,  which  is  already  mounted,  \ 
for  this  purpose  the  commou  sheet-metal  ^^  Bilge  FumpSj^  used  for  pui 
ing  out  ships  and  cellars,  are  cheapest  and  etrectual. 

Concerning  the  small  hand-machines,  knapsack  and  horseback  af 
ratuses  for  sprinkling  liquid  by  gravitational  pressure  very  little  n 
be  added  above  what  has  already  appeared  in  the  earlier  reports. 

Horseback  Automatic  Sprinklers. — Tq  lessen  the  llmbia 
in  carrying  hand-sprinklers  or  knapsack  reservoirs  it  is  preferabli 
mount  on  horseback  with  such  vessels.  This  may  be  done  with 
kinds,  even  with  commou  watering-pots.  The  watering  pots  and  a 
are  carried  thus  most  commonly  where  they  are  eictensively  used 
poisoning  Cotton  Worms  as  obtains  especially  on  the  Mississippi 
Louisana,  Yazoo,  and  southern  Arkansas.  The  cotton  grows  so  h 
that  the  hand  pots  could  not  well  be  carried  high  enough  except 
being  mounted.  The  mules  accustomed  to  tilling  the  crops  will  w 
between  a  pair  of  rows  without  being  guided,  hence  the  rider  takes  ( 
pot  in  each  hand,  poisoning  two  rows  at  once.  At  short  intervals 
shakes  the  pot  to  prevent  the  poison  from  sei^arating  entirely  from 
water.  This  is  commonly  neglected,  and  usually  the  ^'darkie"  wh< 
intrusted  with  this  work  does  not  know  or  care  whether  it  is  mi: 
or  not,  whether  the  nozzle  is  mostly  clogged,  or  if  the  spray  is  direc 
accurately  upon  the  plants  or  largely  between  the  rows.  The  col 
I  have  seen  being  poisoned  throughout  those  regions  was  almost  iu 
riably  treated  very  imperfectly,  often  in  such  a  careless  way  as  no 
protect  the  plants  from  being  stripped.  When  the  pots  are  empty 
rider  exchanges  them  for  others  which  are  kept  filled  by  men  statio: 
at  mixing-barrels  which  are  commonly  at  both  ends  of  the  rows,  oi 
long  intervals  in  the  rows.  Sometimes  the  buckets  are  carried  c 
yoke-bar  across  the  shoulders,  and  something  of  the  kind  is  a  neces^ 
where  the  rows  are  wide  apart.  The  bar  is  commonly  carried  aci 
the  shoulders,  but  may  be  supported  upon  the  horn  of  the  saddle 
otherwise  upon  the  horse  alone.  A  method  rarely  employed  is  the 
lowing :  On  either  side  of  the  horse  is  a  pole  having  its  lower  end 
tached  to  the  lower  part  of  a  girth  around  the  horse.  The  upper 
of  the  pole  or  bar  has  a  fork  supporting  the  weight  of  a  watering  ] 
while  the  whole  is  sustained  from  falling  by  the  hand  of  the  same  < 
grasping  the  handle  of  the  pot,  which  can  so  be  tilted  at  will.  AId 
all  the  single  knapsack  cans  and  hand-sprinklers  are  susceptibU 
being  joined  in  pairs  to  hang  one  on  each  side  of  a  horse. 

The  following  description  of  the  Willie  Horseback  Sprinkler,  fj 
the  Department  Report  on  Cotton  Insects  (p.  248),  will  illustrate  i 
subject  more  fully.  . 

"  The  Willie  Hof^ehack  Sprinkler, ^Another  machine  has  been 

vented  for  distributing  liquid  poisons  upon  cotton,  by  Mr.  William 

Willie,  of  Brenham,  Tex.;  patent  No.  168346,  dated  December  29, 18 

It  consists  of  a  frame  which  may  be  rigidly  secured  to  a  saddle,  ii 

tranaverae  position^  there  being  can^  ioT  \io\dm^  the  liquid  and  p 
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vided  with  distribatiDg  faucets  arrauged  ni)on  both  euds  of  the  frame, 
tUe  one  balaDcing  the  other,  and  one  or  both  at  the  same  time  may  be 
operated  by  the  rider. 

'*In  Plate  LYI,  Fig.  1,  in  the  cnt  is  an  end  view  of  tbe  machine ;  Fig.  2  is  a  plane 
yiew,  snd  Fig.  3  is  a  side  view  of  the  same. 

*^A  A'  designate,  respect ively,  the  front  and  rear  bars  of  the  frame,  connected  to- 
gether on  each  side  by  means  of  a  platform,  C,  npon  which  are  to  be  placed  oil -cans,  B, 
or  other  conveDient  vessels  for  the  reception  of  the  destroying  coniiK>ands.  These  ves- 
sels are  removably  secnred  thereto  in  any  snitable  manner,  and  tbeir  enter  lateral 
edges  are  each  provided  with  a  distributing  stop>cock,  D,  having  a  crescent -shaped  per- 
forated Dozzle-piece,  dj  by  means  of  wbich  the  liquid  poison  will  be  shed  over  a  wide 
space.  The  front  bar,  A,  has  an  angalar  notch,  E,  cut  into  its  lower  edge,  near  the  apex 
of  wbich,  and  one  each  side  thereof,  perforations,  e,  are  made  by  means  of  wi  ich  it  is 
ttcaretl  to  the  pommel  of  the  saddle.  It  is  also  provided  with  perforations,  e',  upon 
its  lower  edge,  by  means  of  which  it  is  laterally  stayed  by  a  rope  pasi*ing  thence  tii 
the  j^irth-rings  on  each  side  of  the  saddle.  The  rear  bar,  A',  is  in  like  manner  notched 
08  shown  in  Fig.  2,  and  is  provided  with  a  slot,  /,  at  the  apex  of  its  notch,  by  means 
of  wbich  it  is  strapped  to  the  cantle  of  a  saddle,  and  with  perforatio::s, /*,  alon<r  its 
lower  edge,  serving  as  a  means  of  attachment  for  a  rope,  passing  thence  to  the  girth- 
riogsoneach  side. 

"It  will  be  seen  from  the  above  description  that  the  frame  is  firmly  attached  both  to 
the  pommel  and  cantle  of  the  saddle,  and  that  it  is  braced  and  steadied  to  ri'sist  dis- 
placement by  ropes  or  straps  leading  from  the  perforations, c'  and  /'.upon  the  front 
and  rear  bars  of  the  frame,  respectively,  to  the  girth-rings  on  each  side  of  the  saddle, 
constitntiDg  a  simple,  convenient,  and  effectual  attachment  for  the  purpose  of  pre- 
^tnWug  any  displacement.  The  notches  of  the  front  and  rear  bars,  A  A',  are  intended 
to  be  straddled  over  that  portion  of  the  pad-frame  of  a  saddle  which  projects  in  front 
♦^f  the  pommel  thereof,  and  extendsin  rear  of  the  cantle,  the  rider  being  seated  be- 
tween the  two,  with  a  poison-receptacle  on  each  side,  with  their  stop-cocks  within 
fasy  reach  of  his  hand.  He  can  thus  accurately  regulate  the  flow  of  poison  accord- 
ing to  the  amount  required  to  effiect  the  purpose,  the  movement  of  the  horse  serving 
">»lerially  to  assist  the  distrihution. 

^^  The  Ramsey  Sprinlcler. — ^Mr.  Groghan  A.  Eainsey,  of  Schulenburg, 
Tex.,  has  obtained  a  patent  (No.  1G3526,  May  18,  1875)*  for  the  very 
simple  contrivance  which  is  illustrated  in  Plate  LVI,  Fig.  5.  It  con- 
sists of  a  box  or  vessel,  A,  large  enough  to  hold  about  five  gallons.  It 
'8  provided  at  its  top  with  a  receiving  funnel,  a,  for  the  liquid.  At  the 
Attorn  or  on  the  front  side  near  the  bottom,  and  near  each  end,  are  two 
ftexible  tubes  or  rubber  hose,  B,  provided  with  nozzles,  b.  This  device 
^s  intended  to  be  strapped  upon  a  horse's  back,  to  the  cantle  of  a  saddle, 
^ith  the  tubes  in  front.  The  front  of  the  vessel,  A,  is  inclined  backward, 
so  as  not  to  interfere  with  the  movements  of  the  rider ;  and  a  pad,  C,  may 
^  placed  under  it,  so  as  to  cause  it  to  rest  easy  upon  the  horse.  The 
^^OEzles,  when  not  in  use,  are  held  above  the  top  of  the  box  by  means  of 
"Ooks,  c,  which  seize  over  rings,  d,  upon  the  top  corners  of  the  box,  so 
as  to  prevent  the  liquid  from  flowing  out.  When  in  use  the  rider  takes 
*  ^ube  in  each  hand  and  proceeds  to  sprinkle  the  rows  on  each  side. 

Knapsack  Automatic  Sprinklers. — A  number  of  these  have 
•^en  in  use,  and  the  following  examples  from  the  first  edition  of  this 
^ork  illustrates  these  devices  sufficiently : 

"TAc  Gray  iSprinkler. — Constracted  by  Mr.  Frank  "ill.  Gia^  oVS^^'^v 
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son,  111.  (Plate  LVI,  Fig.  6),  consists  of  a  can,  capable  of  holding  about 
eight  gallons  of  liquid,  and  so  formed  as  to  rest  easy  on  the  ba<;k,  to 
which  it  is  fastened,  knap^ck-fashion,  by  adjustable  straps,  which  reach 
over  the  shoulders  and  fasten  across  the  breast.  To  the  lower  part  of 
the  can  are  attached  two  rubber  tubes,  which  are  connected  with  two 
nozzles  or  sprinklers.  The  inside  of  the  can  has  three  shelves,  which 
help  to  keep  the  mixture  stirred.  There  is  a  convenient  lever  at  the 
bottom  which  presses  the  tubes  and  shuts  oft*  the  outflow  at  will,  and 
two  hooks  on  the  sides  near  the  top,  on  which  to  hang  the  tubes  wheiij 
not  in  use.    On  the  top  is  a  small  air  tube  and  a  capped  orifice. 

"  The  Ruggles  Sprinkler, — Invented  by  Mr.  Silas  Ruggles,  of  Three 
Rivers,  Mass.  (patent  No.  203072,  April  30,  1878),  is  an  exact  counter* 
part  of  Gray's  Sprinkler,  witli  the  addition  of  a  stirrer,  agitated  by  ih-^ 
movement  of  the  arm  of  the  bearer. 

^^The  Totcnsend  Sprinkler. — This  was  invented  by  Mr.  George  Towu 
send,  o'f  Greenville  Centre,  N.  Y.  (patent  No.  212412,  February  13. 187irj 
and  is  intended,  like  Gray's  Sprinkler,  to  be  carried  on  the  back  of 
person.  .  It  consists  of  a  tank  with  a  stirring  arrangement,  but  has  onl 
one  sprinkling  tube,  and  sprinkles,  therefore,  only  one  row  of  plants."^' 

It  is  illustrated  in  Plate  LV,  Figs.  3  and  4.  L  is  one  of  the  should.^ 
loops  for  suspending  it.  The  can  is  shown  in  mesial  section  in  Fig. 
while  all  of  its  interior  appears  in  Fig.  3.  D  is  the  lid.  The  dash^ 
E  B,  are  moved  up  and  down  with  the  rod,  D  F,  by  the  handle,  F.  TM 
lever,  T,  is  worked  by  a  string  to  the  hand  and  opens  the  valve,  ^ 
against  the  spring,  P,  to  free  the  liquid  through  a  pipe,  G  II  I,  ter 
nating  in  the  nozzle,  K,  by  which  the  spray  ii^  directed. 

Automatic  hand  speinklers. — Under  this  section  come  natura 
the  ordinary  watering  pots  or  garden -sprinklers  with  which  all  are 
familiar  that  descriptions  seem  unnecessary.  Many  variations  on  1 
standard  watering-pot  have  been  patented,  but  they  seldom  if  e 
appear  in  the  trade.  The  use  of  automatic  hand-sprinklers  upon  hor^^ 
back  has  been  described  on  page  300,  and  the  kinds  of  manv  pnnctuc^ 
nozzles  preferable  for  employment  on  them  are  discussed  in  the  ph^ 
ter  on  nozzles.  Here  it  should  be  added  that  the  sprinkler  ill  *■ 
trated  in  Plate  LV,  Figs.  1  and  2,  and  described  on  page  273,  answ^- 
well  as  an  automatic  hand-sprinkler,  usable  instead  of  the  wateri 
pots,  and  generally  preferable.  When  the  basal  valve  is  held  open 
spray  descends  direct  from  the  base.  The  valve  may  be  held  up 
chanically  by  adding  a  hook  or  loop  from  the  bail  to  the  valve-st^^ 
and  this  is  more  convenient  than  to  be  constantly  tipping  the  comnc»* 
sprinkler. 

FOR  DRY  POISON;   SIFTERS. 

Here  will  be  included  the  various  sieve-machines  or  sifters,  and  tl»  ' 
may  be  grouped  as  (1)  Reciprocating- sieve  Machines;  (2)  Rotary-si^ 
Machines;  (3)  Reciprocating-stirrer  sifters,  and  (3)  Rotary-stirrer  Sift^^ 
The  sifters  are  probably  tbe  ^ot%t  mat^Mnea  for  distributing 
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poison.    With  most  of  tbem  tliere  is  tbc  difficiilty  that  tbcy  clog  or  do 
not  sift  regularly,  esi>ecially  when  they  are  affected  with  wetness,  which 
will  generally  occur,  for  the  best  time  to  apply  the  dry  poison  is 
^hen  the  foliage  is  damp  enough  to  make  it  adhere.    Also  the  adhesive 
diluents,  as  flour,  &c.,  which  it  is  advisable  to  add  to  the  poison  increase 
the  clogging  much  under  the  influence  of  moisture.    On  the  other  hand, 
when  ther^  is  dryness  there  generally  exists  a  little  wind  which  prevents 
the  fine  powder  from  gravitating  regularly  from  the  sieve  to  the  plants. 
The  i>owder  is  better  thrown  by  some  device  that  will  give  it  consider- 
able impetus,  and  on  this  account  the  centrifugal  force  from  whirling- 
brushes  or  the  blast  from  a  bellows  or  pump  or  rotary  fan-blower  is 
preferable.    Such  impetus  will  make  it  penetrate  more  firmly  into  the 
rough  sarfiices  of  the  foliage  or  into  the  moisture  upon  the  plants,  and, 
to  some  extent,  resist  moderate  breezes.    The  operation  ol  the  latter 
machines  is  also  less  affected  by  moisture.    Altliongh  sifters  may  not 
he  recommended  generally,  it  is  necessary  to  notice  briefly  what  has 
heen  done  toward  the  application  of  sieves  to  the  purposes  of  poisoning. 
Wth  sifters  there  is  also  probably  more  danger  of  the  laborer  getting 
poisoned  than  with  machines  of  any  other  class.   Where  a  blast  or  squirt- 
^g  power  is  used  the  poison  can  be  directed  away  from  the  operator 
^ith  some  force,  or  be  discharged  from  a  pipe  extending  to  a  safe  dis- 
'^Dcefrom  him,  but  with  sifters  the  fine  powder  follows  the  caprices  of 
^h«  wind,  and  even  with  a  gentle  breeze  there  constantly  exists  on  the 
l^^ward  side  of  a  person  a  varying  weak  whirlwind,  but  one  which 
js  strong  enough  to  lift  some  of  the  poison  to  his  face  and  caus(^  it  to  be 
^"aled.    It  was  probably  on  account  of  this  diflSculty  that  Mv.  J.  W. 
*  ouQg  patented,  in  combination  with  his  machine  described  below,  a 
^^eu  to  come  between  the  sifter  and  the  person  using  it. 

^^CIPROOATING  SIEVE  MACHINES. — With  thcsc   the  sicvo  itself  is 
^^^ated  by  a  back-and-forth  movement. 
Concerning  the  method  of  poisoning  with  the  simplest  hand-sifters, 
-^r.  William  Trelease  has  reported  as  follows  in  the  Department  Report 
*^^  Cotton  Insects  (p.  221) : 

"*  My  dry  poisons  were  applied  by  a  sieve  made  of  a  2-quart  tin  bucket, 
^^  bottom  of  which  was  replaced  by  perforated  tin,  and  which  was  pro- 
^^^d  with  a  socket  at  the  side  for  the  insertion  of  a  wooden  handle 
^^tit  3  feet  long. 

.     **  Jly  experiments  with  dry  x^oisons  were  not  extensive  enough  for  me 

^^  determine  accurately  the  amount  of  labor  required  to  poison  an  acre; 

^t  Mr.  Lide,  the  manager  of  George  O.  Baker's  plantation  at  Selma, 

]^^^.,  tells  me  that  a  hand  can  poison  from  1  to  2  acres  of  cotton  per 

y .    He  tells  me,  further,  that  one  barrel  of  Royall's  mixture  goes  over 

'Out  3  acres.'' 

^hus  it  is  seen  that  the  work  with  such  a  tool  is  very  slow,  and  can 
"^ly  be  admissible  for  very  small  patches  or  in  an  emergency  where  bet- 
^'^  means  are  not  obtainable. 
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**  The  asual  way  of  applying  dry  poison  is  to  sift  it  over  the  lea^ 
by  means  of  An  ordinary  bread-sieve  firmly  attached  to  a  handle  3 
4  feet  long.  One  or  two  layers  of  muslin  should  be  placed  in  t 
bottom  of  the  sieve  to  prevent  a  too  rapid  escape  of  the  powder.  W: 
some  practice  in  handling  these  sieves  the  foliage  of  the  plants  can 
piretty  evenly  dusted,  but  in  general  there  is  considerable  waste  of  I 
poison  by  this  method.  One  man  can  go  over  1  acre  per  day,  bu 
the  plants  are  high  enough,  and  the  soil  not  too  much  softened  by  rai 
the  poison  can  be  sifted  by  men  on  horseback.  This  secures  a  m 
even  movement,  and  consequently  less  waste  of  material.  Some  h? 
tried,  with  advantage,  to  dust  two  adjacent  rows  at  once  by  means 
a  stick  of  suitable  length  with  a  sieve  fastened  to  each  end,  the  of 
ator  riding  between  the  rows  and  tapping  the  stick  gently,  either  w 
his  hand  or  another  stick. 

"  An  old  sack,  such  as  those  used  for  table  salt,  will  do  good  serv 
attached  to  the  end  of  a  stick,  but  the  safest  thing  for  use  on  a  sn 
scale  is  a  perforated  tin  box  (Plate  LVII,  Fig.  7),  with  a  double 
(for  security  when  not  in  use),  and  having  a  handle  3  or  4  feet  lo 
By  taking  the  handle  of  the  dust-box  in  the  left  hand,  and  tapping  ' 
box  with  a  stick  held  in  the  right,  the  poison  may  be  rapidly  and  evei 
distributed,  not  only  on  the  upper  surfaces  of  the  leaves,  but  on  1 
under  sides  as  well,  if  the  box  is  held  within  and  among  the  plants. 

"  A  number  of  patents  have  been  taken  out  for  machines  for  dusti 
the  plants  with  poison,  but  for  some  reason  or  other  none  have  beco 
popular,  and  I  have  not  been  able  to  learn  that  any  of  them  are  in  \ 
at  the  present  time.  The  object  of  these  machines  is  to  distribute  I 
poison  more  economically  and  rapidly  than  it  is  done  by  the  sim 
sifting  method  here  mentioned.  The  reason  of  their  not  becomi 
popular  is,  perhaps,  that  they  do  not  accomplish  their  object.  The  gi 
in  the  more  economic  use  of  the  powder  is  not  large  enough  to  indi 
the  planters  to  invest  in  them,  especially  where  labor  is  cheap,  as  1 
emi>loyment  of  an  additional  hand  is  more  satisfactory." 

Thv.  Hurd  Sifter  and  Blotcer. — This  is  really  a  sifting  machine  with, 
oscillating  sieve  for  feeding  the  blast  of  a  rotary  blower,  and  is  fi 
described  as  The  Hurd  Blower  above. 

"  TJie  Ooodheart  Duster  and  tSprinlcler. — This  machine,  invented  by  I 
James  Goodheart,  of  Matawan,  N.  J.  (patent  No.  204720,  June  11, 187^ 
applies  both  powder  and  a  liquid  spray.  "The  dusting  apparatus  c 
sists  of  a  box  with  a  screen  bottom,  the  whole  being  agitated  by  m^ 
of  a  lever  connected  with  one  of  the  wheels.  The  sprinkler  consists 
a  transverse  pipe  with  a  number  of  holes  at  its  lower  forward  side.  ^ 
machine  is  drawn  over  but  one  row  of  plants." — Bulletin  No.  3. 

KoTARY-siEVE  MACHINES. — In  these  the  sicve  containing  the  poh 
is  round,  generally  cylindrical,  and  receives  a  rotary  motion  to  assist  i 
poison  in  gravitating  through  the  small  perforations. 

^^The  Robinson  Dtisting  and  Sprinlding  3/ac/u*w«.— Several  machif 
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liave  been  patented  that  apply  tbe  powder  by  means  of  revolving  per- 
forated cylinders.    The  oldest  of  these  seems  to  be  one  invented  by  Mr. 
'William  T.  Eobiuson,  of  Hantsville,  Tex.  (patent  No.  146205,  January 
G^  1874).    It  combines  both  sprinkling  and  dusting,  in  that  pure  vrater 
ia»  sprinkled  over  the  plants  by  an  arrangeaient  in  front  of  a  two-wheeled* 
truck,  while  at  the  same  time  the  powdered  poison  is  dusted  from  re- 
volving cylinders  attached  to  the  rear  part  of  the  truck.  .  The  powder 
thus  sticks  to  the  leaves  and  may  be  applied  at  all  hours  of  the  day. 
Soth  the  duster  and  the  sprinkler  can  be  detached  at  will  and  used  sep- 
arately if  necessary. 

"From  Plate  LVII,  Figs.  1  and  2,  the  former  of  which  is  a  plan  view,  the  latter  a 

longitadlnal  sectional  view  of  the  machine,  it  will  be  seen  that  the  dusting  apparatus 

^'^Hisjsts  of  an  horizontal  shaft,  G,  extending  each  way  beyond  the  wheels,  for  reaching 

^^er  the  outside  rows,  and  carrying  three  or  more  revolving  screens  or  sieves,  H,  for 

^pfinkling  on  powdered  substances.    Said  shaft  is  monnted  on  the  rear  end  of  the 

^i^une,  I,  which  is  joined  to  the  truck  at,  J,  and  suspended  from  the  f^ame,  M,  by  ropes, 

y9  which  are  wound  upon  the  shaft,  N,  or  let  out  from  it  to  shift  the  screens  accor4- 

'°g  to  the  height  of  the  plants.    The  shaft  is'  revolved  by  a  belt,  O,  from  one  of  the 

wheels  of  the  truck  working  on  cone  pulleys,  P  O,  for  varying  the  speed  of  the  screens 

^^  sieves,  as  may  be  required.    The  pulley,  O,  on  the  shaft,  G,  connects  with  it  by  a 

clutch,  R,  which  is  connected  with  a  shifting-lever,  S,  for  throwing  the  shaft  out  of 

S^<^  when  turning  around  at  the  end  of  the  rows  to  save  waste  of  material.    T  is  a 

"^X  for  carrying  the  stock  of  powder  from  which  to  replenish  the  screens  or  sieves 

^^  tbey  become  exhausted  from  time  to  time.    This  box  may  be  also  used  for  a  seat 

^^P  the  driver.    The  sieves  eke  supplied  through  an  opening  in  the  ends,  which  may 

■^  dosed  by  a  gate  or  door  of  any  kind,  or  by  an  opening  in  the  side  similarly  closed. 

**  The  Davis  Duster  J  invented  by  Mr.  Nicholas  A.  Davis,  of  Busk,  Tex. 
(patent  No.  1546^1,  September  1,  187i}.  This  is  almost  an  exact  coun- 
terpart of  the  foregoing  machine,  but  without  the  sprinkling  attach- 
Q^eiit.  The  only  peculiarity  is  the  addition  of  springs  to  the  revolving 
cylinders  to  prevent  too  great  a  discharge  of  the  poison  in  case  of  a 
•txddeu  jar. 

**  Plate  LVII,  Figs.  3  and  4,  represents  the  invention  attached  to  a  cart.    Fig.  4  is  a 
'^'^osa-Bection  through  the  line  y  y. 

**  A  represents  an  ordinary  farm-cart,  across  the  rear  end  of  which  is  secured  the  faori- 

Koiitnl  shaft,  B,  having  its  bearings  in  the  arms,  o  o,  projecting  behind  the  oart.    On 

the  shaft,  B,  are  placed  two  or  more  loosely-revolving  perforated  cylinders,  £,  being 

^▼olved  upon  the  shaft,  which  carries  a  pulley,  a,  over  which  a  band  or  cord  works, 

paasiDg  to  the  hub  of  the  cart- wheel,  from  which  it  receives  motion,  and  thus  causes 

the  shaft,  B,  to  revolve  when  the  cart  is  in  motion.    Attached  to  the  inner  end  of  each 

^  the  outside  cylinders  is  a  spiral  spring,  i,  coiled  around  the  shaft.  A,  and  so  arranged 

^  tosecare  an  easy,  gentle,  lateral  motion  to  the  cylinders  in  case  of  a  sudden  jar 

Siven  the  machine.    A  similar  spring  may  be  used  at  the  opposite  end  of  the  cylinders, 

^  ^to  check  the  jar  in  both  directions.    This  invention  can  be  fixed  to  any  kind 

^f  frame  moving  on  wheels,  and  by  a  hand-crank  and  ordinary  cog-gearing  be  suc- 

<^««8fuliy  worked. 

**  The  Levy  Duster. — ^This  duster,  patented  by  Mr.  Charles  H.  Levy,  of 
Natchitoches,  La.  (No.  154690,  September  1, 1874),  also  distributes  the 
Prison  by  means  of  revolving  cylinders  which  can  be  adjusted  to  the 
"^^ght  of  the  plant.    The  whole  apparatus  can  be  secured  to  the  forward 

©  CONCI 20 


306      EEPORT  4,  UNITED   STATES   ENTOMOLOGICAL   COMMISSION. 

part  of  a  saddle  as  well  as  to  any  cart.  Plate  LVII,  Fig.  6,  is  a  front 
view  of  this  contrivance,  and  Fig.  6,  a  side  view  of  the  same,  partly  in 
section  *&roagh  one  of  the  cylinders. 

''AA  are  two  oylindera^  formed  by  attaching  fiue  wire-p^aaze  or  finely-perforated  sheet 
metal  to  cironlar  ends  or  disks.  To  the  inner  sarfaces  of  the  cylinders  A  are  attached 
longitudinal  strips^  B,  to  one  side  of  each  of  which  is  attached  a  strlp^  C,  of  tin  or 
other  suitable  sheet  metal,  which  strips  thus  form  flanges,  which,  as  the  cylinders  re- 
volye,  raise  the  compound  and  allow  it  to  fall  back  so  as  to  keep  it  stirred  up  and 
prevent  the  heavier  ingredients  from  settling  and  thus  escaping  in  too  large  a  propor- 
tion and  nnevenly.  The  cylinders,  A,  are  placed  upon  the  end  parts  of  a  shaft,  D, 
Ikud  are  secured  in  place  adjustably  by  keys  or  nuts,  so  that  they  may  be  moved  to- 
ward or  from  each  other  .to  correspond  with  the  distance  apart  of  the  rows  of  plants. 
Upou  the  middle  part  of  shaft,  D,  is  formed  a  crank,  d',  by  means  of  which  the  cylindera 
Are  revolved,  either  by  taking  hold  of  the  said  crank,  d',  directly,  or  by  a  short  handle, 
£,  pivoted  to  said  crank.  The  shaft,  D,  revolves  in  eyes  in  the  upper  ends  of  two  bais^ 
Vf  the  upper  parts  of  which  arc  curved  to  give  room  for  the  crank,  d\  to  operate.  The 
Sower  parts  of  the  bars,  F,  are  parallel  with  each  other,  and  pass  down  upon  the  oppo- 
site sides  of  the  standard,  G,  to  which  they  are  secured  by  a  bolt,  H,  wliich  passes 
through  a  bole  in  the  lower  parts  of  the  said  bars,  F,  and  through  a  slot  in  the  saic 
standard.  G,  so  that  by  loosening  tho  hand-nut.  A',  of  the  bolt,'  H,  the  cylinders,  A,  maj 
^o  raised  and  lowered,  as  the  height  of  the  cotton-plants  may  require. 

**  The  bars,  F,  may  be  kept  from  turning  upon  the  bolt,  H,  by  lugs  formed  upon  th« 
inner  sides  of  the  bars,  F,  which  enter  the  slot  of  the  standard,  G,  or  by  a  second  bolt 

**  The  lower  end  of  the  standard  G  is  branched,  and  has  screw-holes  formed  throng] 
■said  branches  to  receive  the  screws  or  bolts  by  which  the  machine  is  secured  to  the 
(forward  part  of  a  saddle,  or  to  the  frame  of  a  sulky.        % 

^*  The  Taylor  Dusting  and  Sprinkling  Machine. — Another  machine,  in* 
vented  by  Mr.  Thomas  B.  Taylor,  of  Mount  Meigs,  Ala.  (patent  No. 
214205,  April  8,  1879),  is  somewhat  similar  to  the  Bpbinson  machine 
already  described  in  that  it  has  arrangements  for  both  sprinkling  liquids 
and  for  dusting  powders,  and  both  can  be  used  simultaneously  or  each 
separately.  The  dusting  apparatus  does  not  differ  materially  from  the 
perforated  revolving  cylinders  already  described,  but  the  machine  is 
interesting  because  it  is  to  be  attached  to  a  common  plow-stock,  so  as 
to  do  the  cultivating  and  the  poisoning  at  one  and  the  same  time.  Plate 
liVin,  Fig.  6,  is  a  vertical  longitudinal  section,  and  represents  the  plow- 
iStock  with  both  the  sprinkling  and  dusting  arrangements  attached  tc 
the  same. 

^'A  represents  the  beam,  B  the  handles^  and  C  the  standard  of  an  ordinary  plow 
stock.  To  the  forward  and  rear  parts  of  the  beam,  A,  are  rigidly  attached  two  stand 
•ards,  D,  the  rear  one  of  which  may  be  the  upward  extension  of  the  plow-standard,  C 
The  lower  end  of  the  forward  standard,  D,  extends  to  or  nearly  to  the  ground,  ant 
has  a  plow-plate,  E,  attached  to  it  to  assist  the  plow-plate,  F,  attached  to  the  plow 
standard,  C,  in  cultivating  the  ground,  and  to  give  steadiness  to  the  machine,  so  thai 
it  may  be  readily  controlled.  To  the  upper  parts  of  the  standards,  D,  are  pivoted  tht 
centers 'Of  the  long  front  and  rear  bars  of  the  rectangular  frame,  G,  to  the  centers  oi 
the  short  side-bars,  of  which  are  pivoted  the  ends  of  the  sheet-metal  cylieder,  H. 
This  cylinderTepresents  the  sprinkler,  and  a  more  detailed  description  of  it  will  be 
given  under  ih*d  proper  head.  It  can  be  detached,  and  the  dusting  arrangement, 
which,  in  the  figure,  is  represented  as  secured  to  the  rear  of  the  frame,  G,  can  be  put 
in  its  place.    This  dusting  arrangement  consists  of  a  frame,  O,  similar  to  G,  and  to  it 
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aecnred  two  ^emi-oylindrioal  plates,  P,  with  their  convex  sides  upward,  and  witii 
^lieir  inner  side  edges  near  and  npon  the  opposite  side  of  the  handles,  B.  In  bearings 
^n  the  opposite  sides  of  the  two  plates,  P,  revolve  the  journals  of  two  cylinders, 
'^y  madQ  of  finely-perforated  sheet  metal  or  fine  wire-gauze  to  sift  the  dry  powder 
^^loison  upon  the  plants. 

"The  sifUng-cylinders,  Q,  are  designed  to  be  revolved  by  contact  with  the  plants. 
The  ends  of  the  oylinders^  Q,  are  provided  with  ring-flanges,  R,  to  which  are  attached 
ihe  ends  of  a  number  of  rods,  8,  to  strike  against  the  plants  and  revolve  the  said  cyl- 
inders.   The  mds,  S,  prevent  the  surfaces  of  the  cylinders  from  being  wet  by  moist- 
ure from  the  plants,  which  would  cause  the  powder  to  stick  to  them  and  thus  clog 
the  discharge  holes. 

'*  The  two  sif ting-cylinders,  as  well  as  the  sprinkler,  project  of  course  on  each  side 
of  the  plow  and  dirtribate  the  poison  on  the  two  a^jaceot  rows  between  which  the 
plow  is  drawn. 

"  fb  practice  it  is  found  that  the  weight  sinks  the  plow  too  deep,  and  to  prevent 
this  a  large  sliding-block  is  attached  to  the  cultivator  legs." — Bulletin  No.  3. 

Reciprocating- Stirrer  Sifters. — In  these  the  stirrer  ha«  a  back* 
and -forth  movement  npon  the  stationary  sieve  face  to  work  the  powder 
through. 

"  The  Willie  Duster.— Mt.  William  T.  Willie,  of  Brenham,  Tex.,  has 
obtained  a  patent  (Ko.  160986,  March  16, 1875)  for  a  contrivance  whiQh 
is  but  a  modification  of  the  method  mentioned  above  of  the  application 
of  the  poison  by  a  man  on  horseback  by  means  of  two  sieves  fastened  to 
each  end  of  a  stick  and  carried  across  the  saddle.  The  invention  con> 
sists  of  two  boxes  suspended  on  a  transverse  bar,  and  made  adjustable 
vertically  and  laterally  according  to  the  height  of  the  plants  and  the 
^idth  of  the  rows.  The  poison  is  dusted  on  two  rows  of  plants  by  means 
of  a  system  of  vibrating  sieves  at  the  bottom  of  the  boxes.  The  appa- 
ratus is  intended  to  be  secured  to  a  riding-saddle  in  front  of  the  rider. 

"Plate  LVUl,  Fig.  4,  repreeente  a  sectional  view  of  the  machine,  the  central  figure 
aliorwing  a  detailed  section  of  one  of  the  sifting-boxes. 

"The  letters  A  A  designate  two  boxes  of  any  suitable  capacity,  which  are  constructed 
^^ith  two  fixed  selves,  ppf  and  movable  sieves,  p\  arranged  between  the  fixed  sieves 
^nd  supported  upon  rods,  so  as  to  slide  freely  when  the  boxes  are  vibrated  and  aid  in 
pulverizing  the  material,  and  at  the  same  time  scattering  it  uniformly.    The  upper 
sieves,  |»,  will  support  the  bulk  of  the  material  free  from  the  scattering  sieves,  p',   £ach 
Tk>x  has  secured  to  it  a  suspension-standard,  B,  having  a  number  of  ^oles,  a,  through 
%riy  arranged  one  above  another,  and  adapted  te  receive  suspension-pins,  io,  and  allow 
^be  boxes  to  be  adjusted  vertically  for  high  or  low  plants.    C  designates  a  bar,  from 
^^rbich  rises  a  guide-rod,  C.    This  bar,  C,  is  intended  to  be  secured  by  the  middle  of  fts 
Xength  to  the  saddle,  and  through  its  ends  holes  are  made  through  which  the  stand- 
ards, D  B,  are  passed  and  sustained  by  means  of  the  pins,  o  o.    Supplemental  boles  are 
xnade  through  the  bar,  C,  to  allow  the  boxes.  A  A,  to  be  adjusted  for  rows  of  plants  va- 
xying  in  width.    D  designates  a  bar,  the  ends  of  which  are  slotted  longitudinally  to 
receive  the  standards,  B  B,  and  at  or  near  the  middle  of  the  length  of  this  bar,  D,  a 
liole  is  made  to  receive  freely  through  it  the  rod,  C\    The  ends  of  bar,  D,  are  notched 
«t,  M,  and  are  attached  to  the  standards,  B  B,  by  fitting  these  notches  over  the  pins,  h 
h,  as  shown  in  the  figures.'' — Bull.  3. 

Rotaby-Stibbeb  Sifters. — With  these  the  stirrer  is  rotated  upon 
the  stationary  sieve-face  to  work  the  powder  through. 

The  J.  W.  Young  Duster ^  patented  (ISo.  L88219)  March  6,  1877, 
by  Mr.  James  W.  Youngs  formerly  of  Southfteld^  Mic\i«)  uo^  oi  ^^yblV 
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Joseph,  Mo.y  is  a  pair  of  sifters  for  two  rows  and  carried  sospended  by 
a  bar  across  the  shoulders.  Each  sifter  is  a  powder-box  with  semi- 
cylindrical  perforated  base,  in  which  a  brush  is  rotated  to  grind  the 
powder  through. 

In  Plate  LVIII,  Fig.  7,  is  seen  the  neck-yoke  above,  from  which  two 
adjustable  bars  hang,  with  forks  suspending  the  cylinders  which  are 
perforated  beneath.  An  adjustable  slide  can  be  set  to  cover  more  or 
less  of  the  perforated  area  to  regulate  the  amount  to  be  sifted.  Eotary 
brushes  inside  the  cylinders  are  turned  around,  or  with  reciprocating 
motion,  to  work  the  poison  through  the  fine  holes.  This  is  probably  the 
best  way  to  prevent  clogging  or  cause  a  sieve  to  sift  regularly,  and  this 
same  principle  seems  to  have  been  adapted  in  Mr.  J.  S.  Smith's  machine 
described  in  what  follows. 

Mr.  J.  W.  Young,  of  Saint  Joseph,  Mo.,  has  also  devised  a  sieve-ma- 
chine for  powdering  six  rows  at  each  drive,  consisting  essentially  of  a 
trough-shaped  hopper  about  27  feet  long  and  having  a  concave  perfor- 
ated bottom,  with  a  rotary  stirrer  oi>erated  therein. ,  This  is  attached  to 
a  frame  upon  a  pair  of  wheels  which  straddle  a  pair  of  rows.    One  of  the 
draft  wheels  bears  a  band  or  chain  wheel  with  a  belt  or  chain  driving  a 
pnlly  opposite  the  same  and  fast  upon  the  axis  of  the  stirrer,  which  is 
provided  with  a  large  number  of  radiating  paddle-shaped  teeth.    When 
these  are  rotated  by  tbe  belt,  their  ends  pass  through  the  poison  in  the 
iit)pper,  and  close  to  its  perforated  base,  causing  the  powder  to  sift 
through  upon  the  vegetation  over  which  it  is  hauled.    Not  having  seen 
the  full-sized  machine,  but  having  examined  a  model  and  description  of 
it,  the  impression  produced  is  that  the  machine,  if  not  made  so  long  as 
t6  be  too  heavy,  must  be  a  good  sifter  for  poisoning  the  upper  surfaces 
of  plants. 

The  following  machine  and  the  one  preceding  the  last  differ  from 
the  latter  chiefly  in  the  fact  that  bunches  of  brush-material  are  used  in- 
stead of  stiff  stirrers,  and  it  remains  for  the  future  to  decide  by  experi- 
ence which,  if  either,  will  prove  best.  The  stiff  stirrers  promise  to  be 
tbe  most  durable,  and  my  experience  is  that  such  usage  of- bristles 
causes  them  to  become  permanently  flexed  in  one  direction  or  too  weak 
to  give  satisfaction.  The  plan  of  a  stiff  rotary  stirrer  is  well  calculated 
to  cause  the  powder  to  sift  out  regularly. 

The  J,  8.  Smith  Sieve  machine^  patented  in  1881  (No.  247124),  works 
the  poison  out  through  perforations,  in  one  side  of  a  cylinder,  by  means 
of  a  spiral  brush  rotated  therein.  This  device  appears  in  Plate  LVIll. 
In  flg.  5  is  shown  his  small  hand-machine  for  x)oisoDing  a  single  row. 
One  side  of  the  cylinder  is  seen  to  be  perforated  with  the  powder  sifting 
out  therefrom.  The  opposite  half  of  the  cylinder  is  covered  by  a  hori- 
zontal hopper  carried  with  one  hand  and  a  loop  over  the  shoulder,  while 
it  can  be  tipped  at  will  enough  to  make  a  portion  of  the  powder  feed 
into  the  cylinder  to  be  worked  out  therefrom  by  the  spiral  brush  turned 
inside  the  same  by  means  of  the  gear  wheels  and  crank. 
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It  seems  a  pity  to  pay  far  and  carry  on  one  hand  all  this  geariDig 
when  it  is  saperflnous,  for  only  a  slow  rotation  is  necessary  and  a  cranK 
on  the  axis  of  the  brush  would  answer,  but  the  right  to  such  a  combi- 
nation appears  to  be  covered  by  one  of  Mr.  J.  W.  Young's  prior  claims. 
The  single  passage  from  the  hopper  to  the  brush  is  large,  and  extends 
the  whole  length  of  the  cylinder. 

A  larger  machine  drawn  on  wheels  and  arranged  to  supply  two  rows 
is  also  made  by  Mr.  Smith.    This  is  intended  for  poisoning  insects  on 
low  crops,  as  potatoes,  &c. ;  yet  a  similar  apparatus  could  be  mounted 
higher  to  be  hauled  above  the  rows  of  cotton.    Gears  on  the  main  axle 
cocDmnnicate  its  rotary  motion  to  a  rod  bearing  the  brushes  in  the  per- 
forated cylinders.    Over  each  cylinder  is  a  powder-hopper,  and  forward 
^iierefrom  a  large  box  as  a  seat,  and  for  conveying  an  additional  qnan- 
^ty  of  poison.    The  main  wheels  straddle  a  pair  of  rows  while  a  small 
handle- wheel  runs  behind  in  the  intermediate  space,  and  a  pair  of  shafts 
^  provided  for  the  horse  which  travels  ahead  in  tbe  same  middle.    The 
Machine  has  adjustability  to  rows  of  difierent  widths,  and  is  strongly 
^^Ofitructed. 

XTie  Eldridge  Sifter, — ^The  insect  destroyer  patented  by  Mr.  Frank  A. 
^Idridge,  of  Brenham,  Tex.,  also  designed  to  distribute  dry  poisons  over 
th^  cotton  plant,  is  thus  described  in  the  Department  Eeport  on  Cotton 
IiKsects: 

^^  The  nature  of  the  invention  consists  in  the  employment,  upon  a  suit- 
able vehicle,  of  two  or  more  receptacles  for  containing  poison  powder 
^Hich  receptacles  have  perforated  or  sieve  bottoms,  and  contain  within 
tb^m  rotary  stirring  blades  and  brushes,  actuated,  as  will  be  hereinafter 
®^I>lained,  whereby  the  poison  dust  can  be  regularly  and  at  the  same 
tittie  economically  distributed  upon  two  or  more  rows  of  plants  at  the 
■^Tiae  time. 

*  *  In  Plftto  LVIII  Fig.  1  is  a  top  view  of  the  machine ;  Fig.  2  is  a  side  elevation  ahow- 
"^S  one  of  the  poison  receptacles  in  section;  Fig.  3  is  a  front  elevation, 

** A  designates  the  axle  of  two  transporting  wheels,  B  B,  from  which  axle  rises  a 
""^^^316,  C,  carrying  three  poison-powder  receptacles,  D  D  D',  which  are  preferably  of 
^^^indrical  form,  and  which  have  finely  perforated  bottoms,  a.  Tbe  two  side  recepta- 
^^^^  D  D,  are  arranged  so  as  to  distribute  the  powder  npon  two  rows  of  plants,  and 
^*^*  rear  receptacle  distributes  the  powder  npon  the  intermediate  row,  thus  playing 


^hree  rows  at  the  same  time.    Each  receptacle  contains  radial  blades,  5,  which  are 
r^^^lied  to  a  central  shaft,  c,  and  provided  with  bmshes,  <?,  which  act  upon  the  per- 
^^^^"^*ted  bottom,  a- 

^  ^The  blades,  6,  stir  the  powder  and  prevent  it  from  clogging,  and  the  brushes  compel 
^0  pass  through  the  screen-bottoms  in  a  uniform  manner. 
*  The  npper  ends  of  the  shafts,  c,  of  the  receptacles,  DD,  have  spur-wheels,  e,  on  them, 
uch  engage  with  spur-wheels,/,  on  the  ends  of  a  horizontal  shaft,  £,  which  has  its 
riogs  on  the  top  of  the  frame,  C,  and  which  is  provided  with  pulleys,  g  g  g*.    The 
%a,^^,  receive  rotation  from  pulleys  on  the  inner  ends  of  the  hubs  of  wheels, 
^,  through  the  medium  of  belts,  hh, 
^'The  rotation  thus  given  to  shaft,  E,  is  transmitted  to  the  shaft,  c,  of  the  blades 

brashes  which  are  in  the  receptacle,  D'. 
**The  machine  thns  described  will  be  propelled  by  two  horses  hitched  to  the  draft- 
^^«igue,  A',  and,  if  desired^  the  axle,  A,  may  be  centrally  arched,  ao  aa  noX.  \.o  m\«tl«t^ 
'^Ith  XhbplaDtB  over  wbiob  it  passes, " 


CHAPTER   XIIL 

MAOHINBBY  AND  DEVICES  FOB  THE   DBSTBUOTION   OP 

THE  WOBM— Concluded. 

VIL— IVSEOT  HAHIPULATOBS  AHD  HECHANICAL  TBEATHBHT. 

DISLODGING,  CRUSHING,  OE  STIFLING  THE  WORMS  iOT)  CHRY8ALIDS. 

The  practice  of  sweeping  off  or  knocking  or  jarring  off  the  worms, 
pap»|  or  moths  is  related  to  that  of  taking  them  by  picking  (already 
considered  in  Chapter  XI),  and  at  the  proper  times  may  have  some 
similar  value.    Cne  difference  is  that  in  this  method  insects  are  gen- 
erally manipulated  by  a  tool  or  machine,  though  sometimes  they  are 
knocked  off  by  the  hand  or  foot.    Various  sweeping  and  beating  de- 
vices are  available,  yet  usually  not  commendable.    Sticks,  bats,  bunches 
of  branches,  brooms  or  long  brushes,  &c.,  naturally  suggest  themselves. 
Bat  these  arrangements  are  applicable  only  with  such  force  as  to  be  not 
suitable,  and  the  machines  embodying  them,  in  so  far  as  they  have  been 
effective  against  the  insects,  prove  also  objectionably  damaging  to  the 
bolls,  &c. 

The  machines  for  manipulating  plants,  to  remove  insects  from  them, 
may  be  thrown  into  two  categories :  (1)  f fictional  dragSj  as  brushes, 
scrapers,  &c.,  and  (2)  beaters  oftheplantSy  as  clubs,  flappers,  &c.  Though 
some  of  these  have  not  been  tried,  it  is  doubtful  if  any  of  them  will 
prove  advisable  for  use  upon  the  cotton  ci*op.  The  best  possibilities 
that  «I  can  suggest  are,  for  (1)  the  use  of  a  large  long  fringe  of  light 
ropes  or  other  suitable  materials,  to  be  dragged  along  the  row  so  that 
the  ropes  or  equivalent  elements  fall  into  the  plants,  down  among  the 
branches  and  leaves,  thoroughly  to  strike  and  wipe  the  surfoces  of  all 
the  leaves  &ud  branches  and  create  thus  such  friction  and  disturbance 
as  to  dislodge  the  worms.  The  elements  in  question  should  be  nu- 
merous and  hang  in  contact  with  each  other,  but  not  heavy  or  rough 
enough  to  break  or  scrape  the  plant  or  pull  or  knock  off  its  bolls.  Upon 
this  plan  I  made  a  device  of  soft  materials  also  intended  to  be  kept  wet 
with  poison  and  thus  wipe  it  off  onto  the  leaves  and  branches.  It  con- 
sisted of  a  group  of  long  cylindrical,  slender,  sausage-Rhaped  stuffed 
bags,  each  being  1  or  2  inches  in  diameter.  Bristles  of  animal  or  vege- 
table or  fine  metal  fiber  held  in  the  twist  of  ropes  thus  used  add  much 
to  their  efficiency  in  removing  anything  from  the  foliage  of  the  plants. 
The  greatest  possibility  that  I  can  propose  for  (2)  is  in  the  use  of  very 
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broad  flappers  to  strike  the  sides  of  the  rows.    Each  of  these  should  have 

a  face  of  several  square  feet  area,  in  order  not  to  strike  individual 

branches  alone  and  break  them  off.     An  insect  machine  striking  by  a 

broad  flapper  operated  by  a  ratchet  and  spring  was  constructed  by  me 

and  tested  on  other  plants  about  twenty  years  ago.    This  seems  to  me 

the  safest  way  to  apply  the  beating  principle  for  removing  anything 

torn  the  plants.    With  each  blow  of  the  flapper  there  is  generated  a 

puff  of  wind  for  the  same  purpose. 

In  all  these  cases  some  means  of  collecting  or  dispatching  the  insects  is 
provided.  They  are  collected  in  a  tray  combined  with  the  brusher  or 
flapper  and  carried  therewith  beneath  the  row,  or  a  hand-tray  of  wood, 
metal,  or  cloth  is  applied  by  one  hand  while  the  other  is  engaged  in 
removing  the  insects  to  it  from  the  plant.  An  elongated  pan  with  a 
handle  on  one  side  is  convenient.  A  shallow  bag  of  cloth  or  netting 
having  its  mouth  expanded  -on  a  frame  provided  with  a  handle  also 
answers  well.  In  such  a  net  or  deep  cloth  tray  I  recommend  the  use 
d  a  wad  of  cotton  or  a  si)dnge  filled  with  kerosene  of  the  cheapest 
quality,  or  with  benzine,  which  works  quicker.  In  metal  or  wooden 
trays  that  are  moderately  deep  the  same  can  be  used  with  advantage. 
Whatever  is  used  should  be  wet  with  these  well-known,  insecticides, 
benzine  or  kerosene.  In  shallow  trays  a  layer  of  cotton  batting  or 
other  suitable  fibrous  or  porous  matrix  can  be  used  to  hold  more  of 
the  hydrocarbons  than  will  adhere  on  the  vessel  alone.  Falling  on 
this  cushion  the  worms  get  a  good  dose,  and  it  is  then  not  necessary  to 
wet  the  pan  so  often.  Tar  and  other  adhesives  are  less  satisfactory. 
Crushing  the  larvae  upon  the  ground  by  the  foot,  by  a  pounder,  or  by 
a  heavy  weight  dragged  along  are  other  means  of  annihilating  the  dis- 
lodged insects,  and  under  some  conditions  they  may  be  left  to  be  de- 
voured by  insectivorous  animals  or  to  die  of  the  excessive  cold,  wet- 
uess,  or  dryness.    These  topics  will  have  further  notice  below. 

The  Helm  Sweeper  and  Crusher. — This  was  patented  in  (No.  139062) 
1^^73,  by  Mr.  J.  Helm,  of  Hochheim,  Tex.  It  is  a  portable  frame,  hav- 
ing brushes  of  split  white  oak  or  other  material  drawn,  upon  a  heavy 
drag,  straddle  of  a  row  of  cotton  plants  to  sweep  off  the  worms  or  pu- 
pae, and  crush  them  beneath  upon  the  ground.  In  Plate  LIX,  Fig.  1 
is  a  side  elevation.  Fig.  2  is  a  transverse  section  through  the  line,  c  c,  of 
%•  1,  and  Fig.  3  is  a  front  view  of  the  machine. 

"The  letter  A  represents  a  frame  composed  of  two  bottom  boards,  a  a,  of  foar  or 
more  uprights,  h  h,  aud  a  suitable  series  of  cross-braces,  d  d.  The  boards  a  a  are  on  a 
lerel  and  parallel  to  each  other,  aud  have  wings,  e  e  and  //,  hiuged  to  their  inner  and 
<>ater edges,  respectively.  To  each  of  the  front  parts,  6,  is  pivoted,  at  g,  a  lever,  B, 
*bich  carries  a  wheel,  C,  at  its  front  end.  There  are  thus  two  such  wheels,  C  C,  that 
'^t  on  th»ground  in  front  of  the  apparatus.  Draft-hooks,  h  h,  are  applied  to  the  front 
*0Q(lii  of  the  levers,  B,  for  hitching  the  draft  animals  to  by  which  the  machine  is  drawn 
•vw  the  jSeld.  The  levers,  B,  can  be  swung  on  their  pivots  to  raise  the  frame,  A,  on 
"*  wheels,  C,  whenever  stones,  stumps,  or  other  obstructions  are  to  be  avoided.  In 
•aoh  case  the  levers,  B,  are  or  can  be  locked  to  toothed  plates,  t,  which  are  applied  to 
"^*  rear  poats^  b,  as  indieated .  in  Fig.  1.    Wjien  the  ma  chine  ia  to  \>e  toxi\«^  \\»  N&  «2kM 
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n«ce8sary  to  elevate  the  frame.  A,  off  the  gronDd,  and  throw  the  whole  weight  of  the 
apparatus  upon  the  wheels,  C.  Whenever  the  frame,  A,  is  thus  raised  the  wings,  < 
and  /,  will  ho  swung  up  to  clear  the  upper  expanded  parts  of  the  cotton  plants.  Thii 
is  done  hy  connecting  the  two  wings  that  are  hinged  to  each  boai:d,  a,  with  each  othei 
by  a  string,  J,  which  passes  over  the  lever,  B,  so  that  in  swinging  np  such  lever  tlM 
string  will  be  drawn  with  it  to  contract  or  swing  up  the  wing.  In  the  front  ends  01 
two  horizontal  bars,  { I,  that  ^re  longitudinally  secured  to  the  upper  parts  of  tin 
posts,  (,  is  hung  a  transverse  drum  or  shaft,  D^  from  which  a  series  of  pointed  bmahes 
E  E,  are  suspended.  Brushes,  F  F,  are  also  rigidly  affixed  to  a  cross-bar,  m,  back  o 
the  shaft,  D,  and  to  inclined  bars,  n  n,  that  are  secured  to  the  sides  of  the  frame,  A. 

*^  For  use,  the  machine  is  placed  to  straddle  a  row  of  cotton  between  the  inner  wings 
e  e.  The  boards,  a  a,  rt>st  in  the  furrows  and  the  outer  wings  on  the  rising  sides  of  tb 
adjoining  ridges,  all  as  clearly  shown  in  Fig.  2.  The  wings  rest  with  their  weigh 
on  the  sides  of  the  ridges.  The  machine  being  drawn  ahead,  the  shaft,  D,  is  revolvei 
by  its  brushes,  E.  which  come  in  contact  with  the  cotton  plants.  Also,  by  subseqnea 
contact  with  the  brushes,  F  F,  the  worms  are  all  swept  to  the  ground,  on  which  the] 
are  finally  crushed  and  destroyed  by  the  weight  of  the  boards,  a,  and  wings,  ef, 

'^  Apart  from  the  circumstance  that  this  machiDe  straddles  only  oni 
row  of  plants,  it  is  extremely  doubtful  whether  all  or  even  a  large  por- 
tion of  the  worms  would  be  crushed  by  the  bottom  pieces,  considering 
the  uneven  nature  of  the  ground.'' 

The  following  machines  carry  a  tray,  of  sheet  metal,  canvas,  or  other 
suitable  material,  su])plied  with  tar,  coal  oil,  or  other  stifling  substances 
to  catch  and  kill  the  insects  by  strangulation. 

The  Ewing  Sweeper  and  Stifler  consists  essentially  of  two  arms  which 
beat  off  the  worms  from  the  row  into  a  large  flat  tray  drawn  beneath 
charged  with  tar,  &c.  This  is  "  one  of  the  earliest  used  machines  ol 
this  kind.  It  was  inventedby  Mr.  William  Ewing,  of  Columbia,  La.,  in 
(No.  99995)  1869.  Starting  from  the  observation  that  the  worms  drop 
or  throw  themselves  from  the  plant  upon  moderate  disturbance  of  th« 
leaves  and  branches,  Mr.  Ewing  constructed  a  very  simple  machine,  ol 
which  Fig.  4  is  a  top  view  and  Fig.  6  a  side  view  in  PI.  LTX.  In  thesi 
drawings  a  represents  a  frame  constructed  of  wood  or  other  suitable  ma 
terial,  c  d  e  the  wheels,  and  /  a  yoke  or  drawing  device.  Upon  the  front 
wheel,  e,  on  either  side,  are  pins,  </,  which  act  upon  the  lower  ends,  A,  ol 
the  arms,  t,  as  the  wheel  is  rotated.  These  arms  are  pivoted  to  plates,  j 
and  extend  upward  and  outward  so  as  to  pass  along  the  sides  and  ovei 
the  top  of  the  plants.  To  the  upper  part  of  these  arms  other  tubnlai 
arms,  A:,  are  afiixed,  so  that  the  brushes,  {,  secured  thereto  and  held  ii 
place  by  eyes  or  ring,  tw,  may  be  adjusted  to  the  height  of  the  plantA 
Between  the  frame  a  canvas,  6,  is  stretched.  This  latter  is  smeared  witl 
tar  or  any  other  material  to  which  the  worms  will  stick  or  adhere  tor  i 
reasonable  length  of  time. 

"This  machine  is  intended  to  be  drawn  by  hand,  or  by  a  horse  or  mule 
between  two  rows  of  plants,  the  leaves  and  branches  of  whicR  are  agi 
tated  by  the  arms  and  brushes.  The  worms  fall  upon  the  smeared  sur 
face  of  the  canvas,  and  may  easily  be  gathered  up  and  destroyed.  II 
is  evident,  however,  that  only  those  worms  are  caught  which  fall  toward 
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the  inside  of  the  rows  of  plants  between  which  the  machine  passes.  To 
obviate  this  drawback,  Mr.  Ewing  saggests  the  attaching  to  each  side 
of  the  frame  another  light  frame  of  wire  rods  or  cane,  reaching  above 
the  tops  of  the  plants,  thence  down  ikgain  to  near  the  groond,  and  there 
carrying  a  canvas  which  is  likewise  smeared  with  tar. 

*^Two  other  machines,  though  originally  intended  for  clearing  potato- 
Tines  of  their  insect  enemies,  deserve  notice  here. 

The  Wood-Smith  Tray  Sweeper. — "  The  first  of  these  was  patented  by 
Messrs.  G.  W.  Wood  and  Charles  H.  Smith,  of  Faribault,  Minn.,  in  jS'o.  * 
214478  (1879),  and  consists  of  an  apparatus  mounted  on  wheels,  which 
is  drawn  between  the  rows  of  plants,  and  by  suitably  shaped  wings 

« 

gathers  the  plants  into  a  bunch  and  shakes  them,  thereby  shaking  off 
the  larvae  into  a  receptacle  from  which  they  cannot  escape.  Tbe  parts 
of  the  apparatus  are  adjustable  to  suit  the  height  of  the  plants. 

"In  Plate  LIX  Fig.  6  is  a  plan  of  the  apparatus  ;  Fig.  8  is  a  longi- 
tudinal section  at  the  line,  x  x ;  Fig.  7  is  a  cross-section  at  the  line, 

"  Similar  letters  of  reference  indicate  corresponding  parts,  a  a  are  vertical  stand- 
uds,  connected  together  by  a  cross-bar,  h,  at  their  upper  ends,  o  o  are  wheels 
mounted  on  short  axles  fitted  in  the  boxes,  d,  at  the  lower  ends  of  standards,  a. 

"The  standards  a  are  at  snch  a  distance  apart  that  the  wheels,  c,  will  ran  between 
the  rows  of  plants  and  two  rows  of  plants  be  between  the  wheels. 

"The cross-bar,  h,  is  made  in  two  pieces,  as  shown,  connected  together  by  screws,  so 
that  the  bar  can  be  adjusted  according  to  the  width  of  the  rows,  e  e  are  wings,  one 
at  each  side  of  the  apparatus.  The  forward  ends  of  the  wings  are  attached^  the 
standartis,  c,  and  their  rear  ends  are  connected  together  at  the  center  line  of  tne  ma- 
chine. These  wings,  e,  are  of  suitable  width,  and  they  are  attached  with  their  edges 
vertical  at  the  forward  end,  and  are  twisted  so  as  to  lie  flat  where  they  are  connected 
together  at  the  rear  end.  /  is  a  pau-Hliaped  receptacle,  attached  by  arms,  47,  to  a  bar, 
")  that  is  suspended  from  bar,  6,  midway  between  the  wheels,  c.  i  is  a  vertical  rod 
nsuigfrom  tho  rear  end  of  the  receptacle,  /,  and  passing  through  a  hole  in  the  ends 
•f^ngs, «. 

"The  upper  end  of  rod,  t,  is  provided  with  a  handle,  Jt,  by  which  the  rear  end  of  tbe 
michine  may  be  managed.  There  are  holes  in  rod,  i,  into  which  pins,  1 1,  may  be  in- 
"^^  to  retain  tho  rear  ends  of  the  wings^  f,  at  the  desired  height,  according  to  the 
S^^^h  of  the  plants.  Tbe  strips,  m,  that  form  the  sides  of  the  receptacle,  /,  are  piv- 
'^tedby  piug,  n^  at  one  end,  so  that;  the  receptacle  can  be  made  wider  or  the  reverse, 
according  to  tho  width  of  the  rows. 

'Atthe  juner  side  of  the  wings,  e,  and  projecting  over  the  receptacle,  are  flappers,  o  0, 
hinged  at  p.  Each  of  these  flappers  has  a  rod,  q,  passing  through  t  he  wing  that  the  flaj)- 
P^  is  hinged  to,  and  connected  with  a  crank-lever,  r,  hung  at  the  outside  of  the  wing. 
''"%  lever  fulcrnmed  at  the  forward  end  of  the  wing  in  such  position  that  one  end  of 
^  leTer  is  acted  upon  by  the  teeth,  <,  attached  to  the  inner  side  of  the  wheel,  c.  The 
<>therend  of  the  lever  is  connected  by  a  strap,  i«,  that  passes  beneath  a  roller,  v,  to  i\ 
^1 V,  that  is  attached  to  crank-lever,  x ;  2^  is  a  spring  connected  to  lever,  11,  and  to 
^he  iring,  e.  The  teeth,  <,  ^depress  the  lever,  »,  and  draw  upon  the  crank-lever,  r,  and 
^^^Zi  tfy  an^  draw  the  flapper  outward ;  but  as  soon  as  the  lever,  «,  clears  the  tooth 
*^  flapper  springs  out  quickly.    The  arrangement  is  the  same  on  both  flappers,  o, 

^^  l>y  that  means  a  series  of  rapid  blows  are  given  upon  plants  gathered  by  the 
^mgs. 

A  horse  is  to  be  attached  to  the  whiffletree,  a',  that  is  hnng  on  bar,  h.    The  horse 
^"^  Walk  between  the  rows  of  plants  that  are  to  be  operated  upon  "by  Wift  a^^ax«A.\xA^ 
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and  the  receptaole,/,  will  run  ou  the  ground  between  the  rows.  As  the  apparatus  i 
drawn  forward  the  plants  pass  beneath  the  bar,  h,  ooe  row  at  each  side  of  the  bar,  I 
and  pan,  /,  and  the  rows  will  be  gathered  together  and  bent  down  beneath  the  wia^i 
The  flappers  will  shake  the  plant  and  the.larvie  will  be  robbed  and  shaken  off  int 
the  receptacle. 

TheluhoSweeperamd  Btifler. — ^**  This  was  patented  by  Mr.  Anthony  Iskc 
of  Lancaster,  Pa.  (No.  173728),  in  1876. 

^'It  consists  of  an  apright  frame,  open  beneath,  with  two  wheels  i 
front,  and  is  drawn  over  one  row  of  plants  at  a  time.  A  rowof  bmshei 
made  of  broom-corn  or  of  any  other  saitable  material,  is  fastened  to 
loDgitudinal  beam,  which  is  adjustable  to  the  height  of  the  plants  an 
agitated  by  a  contrivance  similar  to  that  in  Mr.  Swing's  maehine.  Tl 
worms  dislodged  by  the  action  of  these  brushes  fall  in  two  canoe-shapc 
trays,  which  are  supported  by  swinging*  arms,  and  slide  along  one  o 
each  side  of  the  row  of  plants  close  to  their  base.  On  the  outer  side  i 
each,  these  trays  are  provided  with  a  smooth  inclining  shelf,  which  dip 
into  the  tray,  and  with  a  vertical  backboard  in  order  to  prevent  aoj 
worms  from  being  beaten  beyond  these  trays.  In  using  this  machine  i\ 
is  necessary  to  smear  the  trays  with  tar  or  coal-oil." 

Other  Catching-trays. — "  Finally,  having  proved  that  the  least  touch  of 
kerosene  is  as  fatal  to  the  cotton  worm  as  it  is  to  so  many  other  insects, 
I  have  no  hesitation  in  recommending  as  a  cheap  substitute  for  tiiese 
brushing-machines,  where  youthful  hibor  is  abundant,  the  use  of  sheet- 
iron  pans,  over  the  bottom  of  which  kerosene  or  coal-tar  is  spread.  Tbej 
pro#d  very  successful  ii^  1877,  when  the  Western  farmers  were  con- 
tending with  young  locusts ;  and,  drawn  between  the  rows  of  cotton, 
while  the  worms  are  being  brushed  off  in  the  manner  recommended  by 
Mr.  Hoyt,  they  would  prove  equally  satisfactory  when  the  weather  is 
not  sufficiently  hot  and  dry  to  insure  the  death  of  the  worms  otherwise. 
Or  a  still  simpler  arrangement  might  be  adopted,  viz :  a  cloth  stretched 
on  a  frame  that  will  draw  between  the  rows  and  kept  saturated  wit^ 
kerosene.^' 

TEAPS  FOR  THE  MOTHS. 

While  the  foregoing  devices  aim  at  destroying  the  pest  in  its  earli© 
stages,  these  are  specially  for  capturing  the  parent  forms — the  moths. 

The  moths  are  attracted  in  three  ways :  l.  By  lights  which  have  (^ 
them  an  alluring  effect ;  2.  By  odors  associated  with  the  sweets  tf 
which  they  are  fond,  and  3.  By  both  of  these  attractions  combined.  Tl^ 
causes  of  this  attraction  and  other  points  connected  with  it  have  alrea<fl 
been  discussed  in  chapter  XII,  so  we  shall  pass  to  the  discussion  of  tV 
various  traps  invented. 

Light  traps. — "The  following  enumeration  of  lamps  for  attractin: 
and  killing  the  moth  is  by  no  means  a  complete  one.  Some  of  the  inve ' 
tions  are  no  longer  used,  and  descriptions  or  samples  of  them  unattai^ 
able;  others  are  mere  copies  of  such  as  are  here  described,  and  a^ 
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ore  omitted ;  while  still  others  are  too  com]^ioated  and  expensive 
rrant  mention.  A  few  words  have  still  to  be  said  oonoerning  the 
re  to  be  used,  in  connection  with  the  lamps,  for  killing  the  moth. 
}t  any  sticky  substance,  such  as  paint,  tar,  molasses,  soap-suds, 
ill  answer  the  purpose ;  but  the  cheapest  and  most  effective  means 
lalf  fill  the  pan  with  water,  and  then  pour  in  a  tablespoonful  of 
)ne.    The  mixture  can  be  strained  off  in  the  morning  and  used 

simple  lanip,  fiibt  made  by  Col.  Charles  Lewis,  of  Hearne,  Tex. 
r  some  time  been  in  use  in  the  fields  in  the  Brazos  Siver  bottom, 
sists  of  the  usual  shallow  tin  plate  placed  upon  a  board  that  is 
to  the  upper  end  of  a  stake  or  post.  In  the  middle  of  this  pan 
;ed  a  common  kerosene  lantern,  large  enough  to  bum  the  whole 
or  at  least  the  larger  part  thereof.  In  1878  the  planters  near 
le,  Tex.,  \^ere  nightly  burniug  over  1,000  of  these  lamps  during  a 
I  of  several  weeks.  The  cost  of  this  lamp,  with  the  tin  pan,  is  be- 
Q  30  and  40  cents,  and  the  cost  of  burning  It  one  night  about  1 
One  lamp  is  generally  used  for  every  five  acres  where  the  land  is 
but  at  shorter  intervals  where  it  is  rolling. 
he  McQueen  Lamp. — This  again  does  not  materially  differ  from  the 
ISO  far  mentioned.  Patented  by  Mr.  B.  F.  McQueen, of  Manack, 
No.  166124,  July  27, 1875),  it  consists  of  an  ordinary  lantern  which 
ored  to  the  center  of  a  shallow  basin,  beneath  which  is  fastened  a 
ntended  to  fit  on  a  post  or  stake.  At  the  top  of  the  lantern  is  a 
intal  screen  of  tin,  forming  a  reflector  and  serving  also  to  precipitate 
sects  in  the  pan  below.  An  illustration  of  this  appears  in  Plate  LX, 
,  where  C  represents  its  attachment  to  a  stake,  B  is  the  pan,  A  the 
n,  and  D  the  reflector.  The  reflector  not  only  throws  the  light, 
le  injects  that  ascend  at  the  side  of  the  lantern  strike  it  and  fall 
into  the  pan. 

he  Bigel  Lamp. — ^Invented  and  patented  by  Mr.  Mark  Bigel,  of  Ala- 
(patent  dated  January  28, 1873),  .this  lump  dift'ers  only  in  being 
so  as  to  hang  by  a  ring,  and  in  the  lantern  having  in  addition  to  a 
)iital  reflector  several  vertical  ones. 

here  is  another  class  of  lamps  of  a  still  simpler  nature,  consisting 
orch-light,  large  enough  to  prevent  its  being  extinguished  by  the 
,  and  placed  in  the  middle  of  a  tin  pan.  WhUe  cheaper  than  those 
a  steady  light,  they  are  decidedly  less  effective,  and,  moreover, 
consume  more  oil.  The  simplest  lamp  of  this  class  is  a  stout  bottle 
with  kerosene  and  mounted  with  a  wick. 

heWaiker  Lamp. — ^Thishas  been  constructed  by  Mr.  John  E.Walker, 
inchester,  Tex.,  and  is  represented  herewith  (Plate  LX,  Fig.  4). 
isists  of  the  usual  tin  pan  placed  on  a  post,  and  of  a  short,  funnel- 
iA  pipe  soldered  to  its  center.  A  second  hollow  tube  of  the  same 
?,  inverted,  is  attached  to  the  bottom  of  the  oil  reservoir  so  as  to 
mly  over  the  first.    The  reservoir  has  at  the  top  a  rai^t&d  mov^XXi^ 
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with  a  worm,  tbrougV  which  the  oil  is  poared  and  on  to  which,  the  wick 
tnbe  is  screwed,  as  in  the  figure,  the  lower  part  of  the  tube  which  enter 
the  reservoir  being  perforated.  The  shoulder  above  the  screw  is  de 
signed  to  prevent  the  falling  of  cinders  or  fire  into  the  kerosene. 

<^  One  of  the  simplest  lamps  is  that  p^hich  I  herewith  illustrate  (Plate 
LX,  Fig.  5).  It  has  been  extensively  u^ed  and  is  a  mere  modification 
and  simplifioation  of  the  Walker  lamp.  The  reservoir  is  here  soldered 
to  the  center  of  the  pan,  and  the  wick-tube  to  the  top  of  the  oil  reser- 
voir. The  oil  is  poured  in  through  an  ope*ning  near  the  edge  of  th« 
top  of  the  resert^oir." 

Other  lamp-pans  not  materially  better  than  those  described  have  been 
patented  by  Mr.  J.  B.  Duke,  of  Korristown,  Ark.,  Mr.  J.  B.  Stephens, 
of  Lone  Star,  Miss.,  Mr.  G.  B.  Dudley,  of  Canton,  Miss.,  Mr.  B.  Pitman, 
of  West  Point,  Iowa,  Mr.  G.  G.  Granston,  of  Soath  Bend,  Ind.,  and 
others,  but  with  the  examples  described,  a  detailed  account  of  all  these 
will  hardly  be  necessary. 

Lamps  in  Motion  will  next  be  noticed. 

The  Le  Blanc  Cotton-moth  Destroyer. — '<As  a  result  of  the  observa- 
tion that  the  moths  that  are  flying  in  the  field  are  not  so  readily  at* 
tracted  by  a  stationary  light  as  by  one  in  motion,  the  two  following 
machines  have  been  invented  with  a  view  of  being  drawn  or  dragged 
through  the  field:  The  first  of  these  is  the  Le  Blanc  cotton-moth 
destroyer,  invented  by  Mr.  Auguste  Le  Blanc,  of  Louisiana,  La.  (pa^ 
ent  No.  101028,  March  22,  1870),  and  represented  at  Plate  LXI,  Fig. 
G.  The  apparatus  is  mounted  on  wheels,  A,  and  consists  of  a  platfomi, 
B,  to  which  are  secured  a  number  of  extensible  posts,  c,  supporting  a 
roof,  D,  from  which  is  suspended  by  a  chain  or  rope  the  devices  to  ob- 
tain the  light.  This  device  consists  of  the  reservoir,  £,  which  commu- 
nicates through  pipes,  a  and  &,  with  a  series  of  radial  burners,  F, 
which  are  arranged  so  as  to  form  a  circle  of  about  8  feet  in  circam* 
ference,  though  the  dimensions  may  be  increased  or  decreased.  The 
posts,  c,  are  rendered  extensible  by  being  formed  in  two  parts,  c  rf,  the 
one  fitting  and  sliding  in  the  other.  A  series  of  holes,  e,  are  made,  od< 
in  the  part,  c,  wiiile  'j>  spring  top  or  pin,  /,  is  fixed  to  the  Vther,  d.  B} 
this  means  the  burners  may  be  raised  or  lowered  atpleasnre.  Theroo 
does  not  serve  alone  to  shield  the  burners  from  rain,  but,  if  painter 
with  a  white  paiut  or  with  any  other  sticky  substance,  also  helps  t 
attract  and  destroy  the  moths.  In  order  to  use  this  machine  effectually; 
Mr.  Le  Blanc  suggests  that  the  cotton  should  be  planted  so  as  to  leav 
at  intervals,  say,  of  2  acres,  a  space  wide  enough  between  the  rows  t 
permit  the  machine  to  pass  through. 

^^  The  Fordtran  Cotton-Moth  Destroyer.*^The  second  machine  to  be  meo 

tioned  in  this  connection,  invented  by  Mr.  E.  H.  Fordtran,  of  Flatoni;] 

Tex.  (patent  No.  196211,  October  16,  1877)."    It  consists  of  a  numbe 

of  lamp-traps  hung  .on  a  crossbar,  supported  and  connected  with  : 

bonse  by  a  pair  of  shafts,  with,  thra  hind  ends  bent  down  to  form  run 

nera  to  slide  upon  the  ground.    TYie  eto^^-\>?LT  ^»XL\ife  Y^v^vi  ^\^  V^veret 
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aooording  to  the  height  ci  the  eottoo.  and  is  preferably  $et  so  low  as 
to  strike  the  ta^  of  the  plants.  By  elamp-serews  the  panlami^  aie 
attached  to  this  bar.  The  Tunners  are  thought  to  do  le^s  injury  than 
wheels  woald  to  the  crop,  and  are  placed  so  far  apart  as  to  straddle 
two  rows  or  more.  DifiG»ent  kinds  of  traps  or  torches,  a$  inflanimable 
balls,  may  be  us^d  on  the  firame  if  desired. 

Bait  Traps. — ^These  traps  appeal  to  the  sense  of  smell  as  a^ssociated 
with  that  of  taste. 

The  Heard  Bait  Trap.— This  device  was  patented  by  Mr.  J<  M.  Heard 
In  ISGO,  and  is  illostrated  in  Plate  LXI,  Fig.  4,  which  i^ive^  a  section 
view.    The  circular  pan,  A,  contains  the  bait,  B,  mixed  with  adbesire 
substance  to  attract  and  drown  the  moths.    A  partial  cover,  a^  with  a 
widdy  open  center  and  forming  a  ledge,  a,  projecting  horizontally  in- 
wards from  the  upper  edge  of  the  pan  a  short  space  above  the  liquid 
bait  prevents  the  moths  from  getting  at  the  bait  without  falling  in,  and 
then  helps  to  stop  their  escai>ing.    The  inverted  cone,  C,  and  circuhir 
umbrella  or  rim,  D,  are  for  the  moths  to  strike  upon  and  to  deflect 
or  knock  them  down  into  the  bait,  which  is  made  as  follows:  To  a  little 
anise,  fennel,  or  other  essential  oil,  add  a  little  alcohol,  and  afterwards 
QUI  with  this  a  gallon  of  molasses  for  each  ounce  of  the  oil  u;^ed.    A 
fresii  mixture  of  the  bait  should  l>e  introduced  once  a  week.    According 
to  the  Agricultural  Department  Report  on  Cotton  Insects,  1879,  this 
trap  has  been  ''quite  extensively  used"  in  the  South. 

Tke  Garrett  Bait  IVop.— Made  by  Mr.  J.  G.  G.  Garrett,  of  Port  Gib- 
son, Miss.,  is  shown  in  plan  section  in  Fig.  2,  PI.  LXI.  Upon  the  stake, 
<}i8  mounted  a  tray,  <,  containing  the  bait,  x,  and  bearing  a  horizontal, 
inward-projecting  edge,  f,  of  sheet  metal  about  three-fourths  of  an  inch 
^(le,aDd  situated  a  short  distance  above  the  bait,  x,  to  cause  the  moths 
approaching  the  bait  to  fall  in  and  then  prevent  their  escape.  In  the 
center  is  a  support,  t,  for  a  light  and  having  also  a  horizontal  ledge, 
^f-  Garrett  does  not  recommend  the  use  of  the  light  and  has  much  bet> 
tersacceas  with  bait  alone,  so  the  former  may  be  omitted.  Above  the 
^hole  is  a  roof,  r,  under  the  eaves  of  which,  and  at  its  ends,  is  space  for 
the  moths  to  Anter.  This  will  help  prevent  their  escape  and  protect  the 
l^tt  from  being  affected  by  rains.  The  bait  consists  of  about  equal 
quantities  of  molasses  and  water,  with  a  little  vinegar  or  other  attractive 
^%tances.  Occasionally  the  insects  may  bo  strained  out  from  the  bait, 
^bich  is  then  used  again.  Mr.  Garrett's  older  lamp-trap,  noticed  below, 
^  Dow  abandoned  for  this  one  which  has  some  preference. 

Tbaps  combining  light?  and  bait. — Traps  may  be  made  to  combine 
^he  best  features  of  both  the  preceding  kinds  and  the  two  different  at- 
^^'^ives,  bait  and  light,  may  be  used  simultaneously  or  in  alternation, 
^herethe  bait  is  used  at  night  associated  with  a  light,  the  former  may 
^^^  some  in  drawing  the  insect  to  the  latter,  but  when  the  light  is 
^ncedosely  approached  its  dazing  effect  on  the  insect  probably  produces 
^k«  entire  effect  which  follows.  The  bait  may  be  used  independently  iu 
thedaytime  and  the  light  with  it  or  independently  at  m^Vit. 
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The  Net  Trap. — A  net  trap  of  my  own  invention,  and  which  I  c 
aider  the  best  of  this  class,  deserves  the  following  consideration :  < 
Observing  how  moths  attracted  by  light  approach  panes  of  illamiua 
glass,  descending  or  ascending  thereon,  that  most  of  the  moths  alio 
by  light  do  not  plnnge  into  the  blaze,  but  pass  near  it  by  a  more  or  ] 
circaitOQS  course,  often  describing  ellipsoid  figures  and  returning  to 
peat  the  same,  so  that  such  motbs  are  not  canght  by  the  common  lai 
traps  which  have  more  or  less  cylindrical  or  cubic  form,  with  the  sevi 
horizontal^diameters  not  extremely  unequal,  I  planned  a  screen,  m 
preferably  of  glass  or  glass  and  sheet  metal  in  combination  with  a  li{ 
or  bait,  and  other  arrangements  for  taking  moths  and  other  insects 
represented  in  Plate  LXI,  Fig.  1.  The  two  ends  of  the  apparatus 
alike.  Observing  one  end  with  reference  to  the  lettering,  a  is  a  sti 
having  a  slit  sawed  down  into  its  top,  on  its  side  a  cleat,  c,  and  ab 
this  two  opposite  notches,  x.  In  the  slot  is  supported  one  end,  t,  o 
large  plate  of  glass,  f ,  the  larger  the  better.  It  had  better  be  3  i 
square  or  more.  A  sheet  of  metal,  v  r,  is  bent  to  have  two  slight  slo 
like  a  roof,  and  is  placed  with  its  angle  fitting  upon  the  top  edge 
the  glass.  This  angle  may  be  bent  up  into  a  narrow  fold,  t?,  which  ^ 
pinch  4i*iiily  upon  the  glass.  The  roof  may  be  very  narrow,  and  gi 
results  are  obtained  when  it  is  entirely  omitted.  Its  outer  mar 
should  bend  suddenly  downward.  The  stake  should  straddle  the  gl 
to  near  the  top  thereof.  The  lateral  halves  of  the  stake  thus  tbrm  wii 
or  flanges  projecting  at  right  angles  from  the  glass.  These  may 
made  wider  or  with  an  edge  projecting  toward  the  light  from  the  on 
margins  of  each.  Such  a  recur ved.fi an ge  is  easily  formed  by  tack 
a  strip  of  sheet  metal  upon  the  side  of  the  stake.  The  projecting  pi 
of  the  sides  and  the  roof  have  a  specific  function,  since  the  lanten 
placed  opposite  a  lower  corner  of  the  glass  and  the  insects,  attracted 
it  or  by  bait  placed  below,  approach  by  a  more  or  less  circuitous  coo 
to  strike  against  the  glass.  If  the  insect  strike  with  but  little  foro 
fiutters  on  the  glass  while  sliding  downward  to  fall  into  the  other  cat 
ing-devices  below.  But  when  the  insect  strikes  the  plate  swiftly  or 
an  angle  it  will  be  defiected  ofi".  The  insect  is  observed  habitually 
move  upward  or  horizontally  as  a  rule  on  uearing  the  light  and 
plate,  hence  if  it  fly  or  glance  suddenly  oft'  horizontally,  the  late 
wings  catch  it,  or  if  it  dart  upward  it  strikes  the  roof,  so  that  in  eit 
case  it  is  precipitated  downward  into  the  devices  beneath.  The  loi 
e<lge  of  the  glass  forms  a  septum  through  the  long,  wide,  slot-sha] 
opeaing  of  the  bottom  of  a  trough-shaped  hopper,  jj,  which  has  fiar 
sides  so  that  moths  descending  from  either  side  of  the  pane  shall  : 
through  it.  The  end  of  this  hopper  is  supported  upon  the  stake 
notches,  Xy  or  otherwise.  A  large  net,  n  m,  of  foundation  lace  or  oti 
fine  netting  has  its  mouth  attached  to  the  upper  margins  of  the  tron 
which  forms  a  narrowing  entrance  passage,  projecting  iuto  the  i 
Whe  top  of  the  net  is  preferably  held  wide  and  upward,  at  nn,  so  tl 
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« light,  l^  shall  illomine  these  regions,  caosing  the  insects  ivhich  have 
^x&tered  to  seek  exit  at  these  places  where  no  outlet  Is  to  be  foaud. 
LJvirved  metal  strips,  njj  serve  best  to  hold  the  net  expanded  in  upward 
BKSid  lateral  directions.    From  the  insects  caaght  the  injorioas  ones 
slioQld  be  selected  and  crashed  in  the  folds  of  the  net  or  otherwise 
^feUled,  while  the  beneficial  insects  are  set  free  through  a  large  opening, 
^y  in  the  base  of  the  net.    An  easy  way  to  keep  this  opening  closeil  is 
to  packer  it  together  and  lay  a  brick  or  chauk,  Zj  npon  it^  or  tie  it  to- 
gether. 

This  device,  constructed  and  tested  some  years  since,  was  intended 
to  overcome  such  objections  as  have  already  been  made  to  light  traps, 
or  in  former  pages,  and  also  for  the  use  of  naturalists  in  collecting  in- 
sects for  their  cabinets. 

The  indiscriminate  killing  of  insects  is  certainly  very  unscientific  and 
not  to  be  recommended,  yet  where  parties  wish  to  adopt  this  abandoned 
practice  to  avoid  the  trouble  of  selecting  the  good  from  the  bad,  in 
which  they  often  work  against  their  own  interests,  a  trough  of  destruc- 
tive sabstance  may  be  placed  beneath  the  bottomless  inlet,  the  end  of 
the  trough  resting  on  the  cleat,  o.  In  case  it  is  for  drowning  the  in- 
sects, the  trough  should  bear  a  projecting  ledge  a  short  space  above  the 
liquid,  as  in  the  bait  traps  to  be  noticed  farther  on.  Such  a  trough 
supplied  with  attractive  bait  may  be  used  as  a  bait  trap  apart  from  or 
in  combination  with  the  glass,  which  it  still  a  valuable  auxiliary  to  it. 

But  when  bait  is  used  it  is  preferable  that  the  insects  be  not  mixed 
is  the  bait  and  drowned  thereby.  It  is  better  to  use  a  shallow  trough 
with  flaring  sides,  or  merely-  substitute  for  it  a  board  on  which  the  bait 
Diay  be  spread.  Then  the  insects  feed  without  drowning.  In  seeking 
the  food  they  crawl  down  through  the  slot-shaped  opening  of  the  bot- 
tom of  the  trough-shaped  hopper,  toward  the  bait  below  it.  Therefrom, 
instead  of  trying  to  escape  through  the  hopper-slot,  they  fly  off  into 
the  larger  space  surrounded  by  the  net,  and  are  thereafter  to  be  selected 
«id  fireed  or  killed. 

I  find  the  cotton  moth  is  extravagantly  fond  of  juicy  canned  peaches, 
^Qd  believe  these  are  the  best  and  most  convenient  bait  for  all  seasons 
<>Uheyear,  though  any  other  sweet,  succulent  fruits  may  be  employed 
^  their  season.  Where  divers  species  of  insects  are  sought  several 
kinds  of  bait  may  be  inserted  at  once. 

StitVa  CoUan-Moth  Exterminator  (Plate  LXI,  Fig.  3).—**  This  exter- 
minator is  of  the  class  which  lures  to  self-destruction  the  mother  moth 
<>n  her  first  flight  to  deposit  the  worm-producing  ^gg^  and  its  essential 
P^nliarities  are  (1)  a  day  and  night  attractor-lantern,  and  (2)  such  em- 
^ying  of  the  lantern  side  that  the  approaching  moth  falls  a  more  cer- 
Wn  prey  into  the  usual  trap-basin  below. 

*  In  tho  cat  A  and  A  are  sides  of  the  attractor-lantern ;  these  sides  are  of  opal  glossj 
^hich  by  day.is  brilliant  white  and  in  twilight  or  by  night,  lighted  by  a  lamp  within, 
''  ^noit  attractively  laminons ;  each  pane  of  the  lant«m  is  flanked  by  an  oat-r«Oi<^Vim% 
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catch'Wing,  B,  agaiost  which,  or  agaiDst  a  lantern  face  itself,  one  or  the  other,  Ih 
raoth,  attracted  by  the  lantern  and  hired  as  well  by  an  odorons  bait  below,  precip' 
fated  itself  according  to  its  habit  of  flying  to  or  of  passing  close  alongside  of  a  bril 
liant  object ;  a  cover,  C,  projecting  well  over  all,  prevents  upward  escape  even  if  elst 
wise  possible  to  its  now  violently  arrested  flight,  and  all  below  lies  a  trap-basin,  E 
charged  to  a  snitable  depth  with  the  common  enticing  bait,  and^fiectnal  death-bat 
as  well,  of  sweetened  water  and  vinegar,  poisoned  with  cobalt.  Centrally  up  fro 
the  basin's  bottom  rises  a  conical  socket  to  cap  securely  on  to  a  stake  so  planted  firm' 
afield  as  to  hold  the  exterminator  just  sightable  above  the  general  sarface  of  the  or« 
foliage. 

**  The  opal  panes  may  be  advantageonsly  tinged  with  a  trace  of  pink,  to  better  sin^ 
late  the  color  of  the  young  cotton  bloom ;  the  catch-wings,  the  under  side  of  the  cov^ 
and  the  inside  of  the  basin  are  to  be  of  cotton-leaf  green,  and  all  other  visible  part« 
quiet  earth  color;  the  lanterns  are  to  be  of  such  size  and  so  disposed  that  one  may 
readily  sighted  and  sought  from  any  direction  within  the  field  or  approaching  it.  X? 
exterminator  is  to  remain  baited  and  posted  day  and  night,  the  lamp  to  be  ligh  ^ 
as  quietly  as  possible  before  twilight,  and  charged  to  surely  bum  the  whole  nif^ 
through ;  its  use  to  begin  before  the  first  moth  of  the  season  may  be  reasonably  c 
pected,  and  to  continue  till  the  last-belated  straggler  is  surely  gone.  Oporatioi 
however  thorough,  confined  to  a  limited  area,  unless  absolutely  secluded,  can  gi 
only  partial  relief. 

*'To  secure  specimens  of  other  '  fly-by-uights,'  fit  a  wire-gauze  floor  a  little  belo 
the  rim  of  the  basin,  and  place  beneath  it  a  sponge  saturated  with  chloroform.''  (m. 
Stith.)    (Dept.  of  Agr.  Report  on  Cotton  Insects,  1879.) 

''  The  Pugh  Lamp, — Another  somewhat  more  complicated  contriraoo 
of  this  class  is  that  invented  by  Mr.  Edward  D.  Pugh,  of  Fort  Plain,  lor- 
(patent  No.  130390,  August  13,  1872).  Plate  LXI,  Fig.  5,  shows  thar 
it  consists  of  the  usual  shallow  pan.  A,  wherein  is  placed  a  rectangolaa 
case,  B,  made  of  glad's  and  sheet-iion,  with  short  feet  attached  to  its 
bottom  and  with  a  cover,  c.  The  bottom  is  perforated,  for  ventilation, 
and  a  lamp,  D,  is  placed  within  the  case.  So  far  there  is  nothing  par- 
ticular about  this  lamp,  but  it  has,  in  addition,  an  arrangement  to  in 
crease  its  attractiveness  to  the  moths.  Around  the  case  is  a  frame,  a  a. 
with  tul>es,  h  &,  attached  to  the  inside  and  aperture  communicating  witi 
the  outside.  E  represents  a  common  long-necked  bottle  placed  on  od( 
of  the  tubes,  &,  on  the  inside  of  the  case.  The  number  of  the  frames,  A 
and  of  the  tubes  may  vary,  but  on  each  of  them  a  bottle  is  placed  con 
taining  honey  and  wax  or  other  suitable  bait  that  is  attractive  t( 
moths,  which  are  consequently  not  only  attracted  by  the  light,  but  bj 
the  smell  of  the  baits,  and  are  either  killed  by  falling  in  the  pan  or  bj 
passing  through  the  apertures  into  the  bottles,  from  which  they  canno 
escape. 

*•  The  Oarrett  Lamp. — This  was  patented  by  Mr.  James  G.  G. Garrett,c 
Port  Gibson,  Miss.  (No.  133023),  in  JS^ovember,  1872.  The  accompanyin 
Plate  [LX,  Fig,  1]  is  a  side  view,  partly  in  section,  of  the  same.  The  Ije 
ter  A  represents  a  stake  driven  into  the  ground,  with  a'plank,  B,  naile 
to  the  upper  end.  Upon  this  point  is  placed  a  sheet-iron  pan,  C,  aboa 
18  inches  wide  and  2  inches  deep.  In  the  center  of  the  pan  is  a  blo^ 
or  support,  D,  about  2  inches  high,  upon  which  is  set  an  ordinary  la- 
tern,  E;  which  is  kept  in  place  by  being  secured  to  the  edges  of  tl 
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ink,  B,  by  two  or  more  cords,  F.  Into  the  pan,  0,  some  coal-tar  or 
ilafises,  or  other  suitable  material,  is  poured  so  as  to  a  little  more  than 
rer  the  bottom  thereof. 

^The  Binkley  Lamp, — Mr.  J.  N.  Binkley,  of  Columbus,  Tex.,  uses  a 
ap  which  I  herewith  illustrate  (Plate  LX,  Fig.  3).  It  is  essentially 
)  same  as  the  foregoing,  and  consists,  like  Garrett^s  lamp,  of  a  tin 
kte  which  may  be  rectangular  or  round,  and  which  is  placed  on  a 
ird  nailed  to  the  upper  end  of  a  stake  or  pole.  A  lantern  of  the 
m  shown  in  the  figure  is  soldered  to  the  center  of  the  ])late,  the  CQver 
which  lantern  has  openings  to  aid  ventilation,  and  may,  when  neces- 
*f,  be  removed.  A  common  kerosene  lamp,  with  or  without  chimney, 
placed  in  the  lantern,  and  the  pan  is  half  filled  with  water  and  a 
tie  kerosene  on  top,  or  with  soap-suds  or  molasses,  ftc." 
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HISTORY  OP  THE  LITERATURE  AND  BIBLIOGRAPHT. 

HISTOBT  OF  THE  LITEBATUBE. 

GoncemiDg  the  ravages  of  the  chenille  in  the  West  Indies  dariDg  the 
last  century,  we  find  mention  in  several  books  of  travel.    Daniel  Mc^ 
Kiunen  (1802)  gives  an  accoant  of  the  appointment  of  a  commission  by 
the  general  assembly  of  the  Bahamas  in  1801  to  investigate  the  caoses 
of  failore  of  the  cotton  crop.    Bryan  Edwards  (1805)  mentions  the  great 
damage  done  in  the  islands  by  the  chenille  in  1788  and  1794.    Dr.  Chis- 
holm  (1830)  *  treats  at  length  of  the  chenille  as  observed  by  him  in  Bhti^li 
Guiana  in  1801-'02.    George  R.  Porter  ( 1833),  in  speaking  of  cotton  cult- 
ure in  Guiana,  copies  much  of  this  last-named  article,  as  also  does  l>f* 
Andrew  Ure  (1836). 

With  regard  to  the  early  appearances  in  the  United  States,  we  hav^^ 
been  able  to  find  no  contemporaneous  accounts  of  any  value.  NothiiB^ 
worthy  of  mention  seems  to  have  been  written  until  after  the  gre^''^ 
caterpillar  year  of  1825.  Perhaps  previous  to  this  year,  perhaps  late:*'i 
a  memoir  upon  cotton  was  written  by  Thomas  Spalding,  of  Georgia,  ^ 
well-known  agricultural  and  historical  writer,  in  which  the  chenille  mu&^ 
have  been  treajfied  at  some  length.  We  have  been  unable  to  find  th^t 
the  memoir  was  ever  published.  It  was  transmitted  in  manuscript  C^ 
Ure  and  was  extensively  quoted  by  that  author.  It  was  also  freely  us0^ 
by  Hon.  W.  E.  Seabrook  (1844),  of  whose  treatise  we  shall  speak  lat^"*"- 

In  January,  1827,  Dr.  0.  W.  Gapers,  of  Georgia,  sent  specimens  of  tt»^ 
parent  moth  to  Thomas  Say,  father  of  descriptive  entomology  in  Nort:^ 
America.  They  reached  the  latter  in  November  of  the  same  year,  ao^ 
in  May,  1828,  his  answer  to  Dr.  Gapers'  letter,  describing  the  moth  ^^ 
Noctua  xyliruiy  was  published  in  the  Southern  Agriculturist  (see  Caper^f 
1828),  accompanied  by  brief  popular  descriptions  of  the  eggj  larv^^ 
and  pupa,  and  also  by  an  account  of  the  ravages  of  the  worm  from  ISOO 
to  1827,  by  Dr.  Gapers  himself.  The  description,  with  the  accompaii7' 
ing  correspondence,  was  published  by  Say  in  the  New  Harmony  !>»'• 
seminator  in  1830,  and  was  afterwards  reprinted  by  Fitch  (1857),  and  in»y 
be  found  in  Say's  collected  writings  (Leconte's  edition,  I,  369).  TlJi* 
article  of  Dr.  Capers'  was  the  first  scientific  effort  upon  the  Cotton  Woru^* 

*  The  fall  titles  of  these  works  and  aU  others  designated  simply  by  authors  •^^ 
date  can  he  found  by  reference  to  the  bibliographical  list. 
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aaid  excited  a  temporary  interest  in  the  subject.    It  web  followed  by  sev- 
eral unimportant  articles  in  the  Southern  Agriculturist  and  other  south- 
em  periodicals  during  1829 ;  but  the  interest  apparently  soon  died  out, 
and  there  was  a  dearth  of  items  for  a  number  of  years — a  fact  which  is 
partially  explicable  on  the  ground  that  the  worms  were  at  no  time  re- 
markably numerous  between  1825  and  1846.    The  one  noticeable  article 
during  this  period  is  that  of  Hon.  Whitemarsh  E.  Seabrook  (1844),  who 
devotes  three  pages  of  his  memoir  upon  cotton  to  the  consideration  of 
the  caterpillar,  its  history,  and  the  means  employed  against  it.    This  ac- 
coont,  though  short,  is  accurate  and  valuable  and  has  been  much  quoted. ' 
As  one  would  naturally  expect,  the  year  1846  brought  forth  a  great 
number  of  articles  good  and  bad.    Thefirst  among  these  to  be  mentioned 
ifi  the  letter  written  by  Thomas  Affleck  to  the  Afnerican  Agriculturist 
in  August,  1846,  from  which  we  have  already  quoted  in  Chapter  III, 
describing  the  devastation  in  Mississippi  an^  giving  an  account  of  the 
past  history  together  with  some  facts  in  the  natura)  history  of  the  insect. 
The  most  interesting  point  about  this  letter  is,  however,  the  fact  that  it 
contains  in  the  following  words  the  first  hint  of  the  migration  theory, 
which  has  since  occupied  so  much  attention  among  writers  on  the  Cot- 
ton Worm :  "  But  whether  we  at  all  times  receive  our  supply  from  this 
source"  [hibernation]  "or  whether  (which  I  think  is  quite  as  probable) 
they  are  not  unfrequently  brought  on  a  gale  of  wind  from  the  West 
Indies,  Mexico,  or  the  coast  of  Guiana,  will  be  difficult  to  decide." 

From  1846  to  1852  followed  quite  a  stream  of  articles  in  the  SoutJiem 
CMvaiorj  De  Bow^s  RevieWj  American  Cotton  Planter^  and  other  promi- 
nent periodicals ;  but  very  few  were  of  any  ])ermanent  value.  During 
the  fall  and  winter  of  1846-'47,  Dr.  D.  B.  Gorham,  of  Bayou  Sara,  La., 
made  observations  which  led  to  an  article  in  De  Bow^s  ^vieu?  (Gorham, 
IW),  in  which  the  migration  theory  is  quite  extensively  elaborated. 
^he  idea  was  an  original  one  with  Dr.  Gorham,  and  he  arrived  at  it  from 
the  observation  that  all  the  late  fall  pupsB  that  he  collected  were  para- 
sitised. Hence,  arguing  a  total  destruction  of  the  last  brood,  he  was 
%ed  to  some  other  conclusion  than  hibernation  to  account  for  the  start- 
ing of  the  stock  the  ensuing  year.  His  views  were  plausibly  expressed, 
^though  based  upon  so  erroneous  a  standjioint,  and  his  article  excited 
much  interest  among  the  reading  planters.  The  article  will  be  of  x)er- 
manent  interest,  however,  only  as  containing  the  first  mention  of  any 
Parasite  upon  the  Cotton  Worm.  The  author  gives  quite  a  full  descrip- 
tion--althongh  he  gives  the  species  no  name — of  Pimpla  eonquisitor.  It 
is  interesting  to  notice  that  of  all  the  articles  which  this  announcement  of 
the  new  theory  called  forth  not  one  of  the  writers  accepted  Dr.  Gorham's 
^i6W8.  Among  the  more  prominent  of  these  papers  may  be  mentioned 
i  the  editorial  by  William  Jones  in  the  Southern  Cultivator  (Jones,  1847), 
*nd  the  article  by  P.  Winfree  in  De  Bow^s  Review  of  the  same  year.  The 
^tter  writer  wa«  the  first  to  mention  the  gooii  offices  of  ants  in  killiu^ 
^^  caterpillars. 
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In  the  fall  of  1846  Mr.  AfiOeck,  knowing  of  S<ay'8  name  and  desci 
tion  of  the  moth,  wrote  to  Dr.  T.  W.  Harris,  the  New  England  ei 
mologist,  sending  specimens  of  the  moth,  together  with  the  reqaest  t 
he  woald  redescribe  it  and  place  it  in  its  proper  <^ modern''  gen 
Harris  was  at  a  loss,  as  he  had  nothing  in  his  collection  similar  to  it,  f 
so  he  forwarded  the  specimens  to  Edward  Doableday,  a  celebrated  £ 
lish  lepidopterist.  Donbleday  showed  the  specimens  to  the  Lone 
Entomological  Society,  and  answered  Harris  that  the  species  wonld 
in  no  modern  genus,  but  that  it  Ccime  nearest  to  Ophiuaa.  This  opic 
Harris  transmitted  to  AfSeck  as  his  own.  The  whole  corresponde 
forms  rather  an  interesting  chapter  in  the  history  of  the  Cotton  Wo: 
Affleck's  original  letter  to  Harris  has  not,  so  far  as  we  can  find,  b< 
published ;  but  the  gist  of  the  latter's  final  reply  can  be  found  in  an  < 
cellent  article  in  Afiieck's  Southern  Rural  Almanac  for  1851,  in  which  t 
moth  is  designated  as  Ophiusa  {Nociua )  ocylina,  Harris's  letter  to  Donbl 
day  and  the  latter's  repl/will  be  found  iu  Harris' Entomological  Cc 
respondence,  Boston,  1869,  and  Doubleday's  remarks  upon  the  specimei 
before  the  London  Entomological  Society  are  to  be  found  in  the  Pi 
ceedings  of  that  society  for  1848. 

Mr.  Affleck's  article,  though  short,  is  an  excellent  one.    In  his  1^ 

article  he  had  advocated  the  hibernation  of  the  pupae,  but  this  he  nc 

rejected,  and,  from  actual  observation,  published  the  fact  that  the  mo 

hibernates.    He  also,  in  the  1851  article,  gives  the  first  figure  ever  pu 

Jished  of  a  parasite  of  the  Cotton  Worm — probably  Pimpla  conqumtm 

In  1854  two  papers  of  a  certain  degree  of  interest  were  publishc 
B.  C.  L.  Wailes,  in  his  1854  report  on  the  Agriculture  and  Geology 
Mississippi,  article  Ootton,  devoted  a  short  space  to  the  considerate 
of  the  caterpillar,  and  accompanied  it  by  a  colored  plate  illustrating  t 
differeht  stages.  The  principal  interest  of  the  paper  arises  from  the  ( 
rious  mistake  which  Mr.  Wailes  made  in  the  scientific  name  of  the  mot 
He  calls  it  Depressaria  gosaypioides.  This  name  he  must  have  gott 
ftom  seeing  somewhere  an  account  of  the  East  Indian  Cotton  Boll-wor 
the  Depresaaria  gosaypiella  of  Saunders.  Still  the  habits  of  this  insi 
are  so  different  from  those  of  our  Cotton  Worm  that  is  very  difficult 
see  how  he  could  suppose  them  identical.  As  for  the  remainder  of  I 
article  there  is  nothing  in  it  that  is  not  twenty  years  behind  its  time 

The  other  1854  article  which  we  would  mention  was  published 
Dr.  W.  I.  Burnett  in  the  Proceedings  of  the  Boston  Society  of  Nata 
EUstory.  Here  again,  for  the  third  time,  was  put  forth  the  migrat 
theory.  Whether  it  was  his  own  idea  or  whether  he  picked  it  up  amc 
the  planters  of  South  Carolina  and  Georgia,  whither  he  went  for  a  no 
ber  of  winters  for  his  health,  is  difficult  to  say,  but  the  latter  is  m< 
probable.  The  whole  paper  seems  to  have  been  written  mainly  fire 
hearsay,  and  contains  a  number  of  mistakes  which  Dr.  Burnett  woa 
hardly  have  made  from  his  own  observations. 
In  the  autumn  of  1853  or  1854  Mr.  Townend  Glover  went  Soutii  ' 
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&t.Tidy  cotton  insects  nncler  tbe  aospices  of  the  Agricaltnral  Borean. 
Sig  report  on  the  caterpillar,  which  he  treats  onder  the  name  of  Xoc- 
tua  xylina^  and  which  was  pablished  in  the  Agricnltoral  Report  of  the 
Patent  Office  for  1855,  was  the  most  accarate  yet  pablished,  and 
formed  the  basis  of  most  of  the  articles  on  this  subject  for  the  next 
fifteen  years.    It  was,  in  (act,  the  first  article  written  by  a  professed  en- 
tomologist.   The  paper  is  accompanied  by  good  ligares  of  all  states  of 
tbe  insect.    It  gives  popular  descriptions  of  the  egg,  larva,  papa  and 
adult,  and  qaotes  from  corvespondents  of  the  Bareaa  many  interest- 
ing facts  respecting  the  appearances  from  year  to  year.    Parts  of  Dr. 
Capers'  article  are  also  qaoted.    The  remedies  given  are  lights,  fires, 
and  poisoned  sweets. 

Nothing  original  appeared  now  for  a  number  of  years.  Glovei's  ar- 
ticle was  copied  many  times.  J.  A.  Tamer,  however,  in  his  Cotton  Plant- 
er's Manual,  New  York,  1S57,  by  way  of  variety,  qaotes  Dr.  Grorham  quite 
My.  In  1864  Mr.  A.  B.  Grote  announced,  in  a  paper  entitled  ^*  Notes 
OB  certain  species  of  North  American  Lepidoptera,"^  in  the  Proceedings 
of  the  Eotomological  Society  of  Philadelphia,  Vol.  Ill,  the  identity  6f 
Say^s  JTocftta  xylina  and  Guen^e's  Anomis  hipunctina.  Xylina  being  the 
first  pablished,  the  specific  name  hipunctina  was  dropped,  while  the  new 
gCQeric  name  ArnmiiB  was  retained,  forming  the  combination  Anomui 
^Um  by  which  the  species  was  known  for  some  ten  years. 

With  tbe  close  of  the  war  and  the  beginning  of  the  subsequent  disas- 
trons  chain  of  caterpillar  years,  communications  upon  tbe  Cotton  Worm 
in  the  Agricultural  Reports  and  in  the  various  agricultural  periodicals 
became  much  more  numerous  than  they  had  been  before.  Both  the 
annual  and  the  monthly  reports  of  the  Department  contained  much  by 
Glover  that  was  of  value.  So,  too,  the  letters  of  G.  W.  JVtorse  and  J.  M. 
Ferguson  were  interesting  and  well  worthy  of  attention.  Both  these 
Htere,  published  in  the  Monthly  Beports  for  1867,  advised  the  hand 
picking  of  the  early  brood,  on  tbe  ground  that  it  appeared  in  limited 
localities,  and  in  small  numbers.  In  the  same  volume  O.  H.  Hempstead 
<ietailed  very  successful  experiments  in  killing  the  molhs  with  a  home- 
inade  trap-lantern. 

In  1868  Walsh  and  Biley  commenced  the  publication  of  the  American 
^Umologisty  the  first  volume  of  which  coutiiined  several  interesting 
articles  on  the  Cotton  Worm. 

The  Southern  Cultivator  for  1869,  '70  and  '71  contained  several  papers 
of  valae  upon  this  subject,  most  of  them  from  the  pen  of  the  editor, 
Mr.  William  Jones ;  and  the  Rural  Carolinianj  commencing  publication 
^n  1869,  contained,  in  the  next  few  years,  many  good  articles,  none  of 
tbem,  however,  of  striking  originality.  First  among  these  we  may  men- 
tion a  lecture  delivered  before  the  Farmers'  Club  of  Woodville,  Miss., 
oy  Dr.  D.  L.  Phares,  in  May,  1869,  and  published  in  the  Carolinian  for 
■^^gust,  1870.  The  article  is  accompanied  by  a  full-page  lithograph,  not 
v«ry  true  to  nature,  of  the  worms  at  work,  and  contains  a  good  T€i«vvasfe 
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of  the  history.    In  1871  the  same  periodical  published,  from  month 
month  rather  a  sharp  controversy  on  the  subject  of  certain  points  in  t 
natural  history  of  the  worm,  between  Dr.  E,  H.  Anderson,  Mr.  C. 
Dodge,  and  Mr.  A.  R.  Grote. 

The  Carolina  Farmer  for  1869  contained  an  interesting  item  in  t 
shape  of  an  ax^count  of  a  mass  meeting  of  planters  at  Opelousas,  La., 
discuss  the  Cotton  Worm,  at  which  meeting  it  was  decided  to  unite 
the  making  of  fires  to  destroy  the  moths. 

In  1870  was  published  our  second  rex>ort  as  State  Entomologist 
Missouri,  which  contained  a  short  article  on  the  Cotton  Worm,  correct! 
some  previous  mistakes,  and  giving  facts  gathered  from  an  extensi 
correspondence  with  Thomas  AfSeck  and  other  prominent  planters. 

In  August,  1872,  there  appeared  an  editorial  in  the  Mobile  Regis 
(August  18, 1872),  on  the  Cotton  Caterpillar,  which  contained,  as  far 
we  can  find,  the  first  published  mention  of  the  fact  that  Paris  grc 
was  being  used  as  a  remedy.**  This  article  wa«  much  copied  by  the  a§ 
cultural  press,  and  may  be  found  in  the  Carolina  Farmer  for  Septemb 
1872,  and  in  the  Southern  Farm  and  Home  for  October  of  the  same  ye 

In  June,  1873,  the  Illustrated  Journal  of  Agriculture  (St.  Louis)  e 
tained  an  abstract  of  certain  remarks  on  the  subject  of  Paris  green  ms 
by  us  before  the  National  Agricultural  Congress,  meeting  at  Indi 
apolis.  This  article  was  at  once  copied  by  nearly  all  the  prominent  pc 
odicals  South,  and  furnished  the  text  for  many  articles  by  other  writej 
Among  these  we  may  mention  the  ^^  Essay  on  the  best  Mode  of  nsi'i 
Paris  Green  for  the  Destruction  of  the  Cotton  Worm"  by  an  *^  Alabas 
Planter"  (C.  P.  Prout»  of  Demopolis,  Ala.). 

In  the  fall  of  this  year  the  Department  of  Agriculture  sent  out  ci 
culars  asking  the  opinions  of  planters  on  the  Paris  green  question,  ao 
in  the  Annual  Keport  for  1873  the  answers  were  compiled,  giving  a  vei 
general  verdict  in  favor  of  the  poison. 

The  interest  in  the  subject  fast  increased  after  this  year,  and  tl 
number  of  newspaper  articles  increased  in  proportion.  In  1874,  a  pri 
offered  by  certain  citizens  of  Selma,  Ala.,  for  the  best  essay  on  "  Pra 
tical  Modes  of  destroying  the  Cotton  Worm,"  was  awarded  to  J.  ] 
Hoyt,  of  that  city,  and  the  essay  was  printed  in  pamphlet  form.  '. 
the  essay  are  discussed  Paris  green,  arsenious  acid,  fires,  lantern-trai 
and  the  plan  of  knocking  the  worms  from  the  plants. 

In  March,  1874,  our  Sixth  Eeport  on  the  Insects  of  Missouri  appears 
containing  a  7-page  article  on  the  Cotton  Worm,  devoted  principally 
the  consideration  of  Paris  green  as  a  remedy.  There  is  also  a  discnssi 
as  to  the  hibernation  of  the  insect,  and  as  to  its  northern  range.  In  U 
article  we  reiterated  our  belief  in  the  hibernation  of  the  moths  and  sii 
gested  the  probability  of  a  northern  food-plant  other  than  cotton. 

In  the  Monthly  Beport  of  the  Department  for  February  and  Marc 
1874,  p.  125,  the  views  of  the  entomologist  (Mr.  Glovex)  are  stated  • 
the  question  of  hibernation.    His  theory  was  '^thst  in  the  more  nori 
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era  portion  of  t}ie  cotton-belt  the  frosts  of  winter  destroy  the  insect  in 
all  itsstageSy  unless  in  situations  of  unusual  protection,  but  that  in  the 
more  soathem  portion,  where  severe  frosts  rarely  occar,  they  survive 
the  risks  of  winter.^  This  theory  of  Glover's  (giveu  by  the  editor  of 
tbe  Beport,  Mr.  J.  B.  Dodge)  was  untenable  so  far  as  it  included  the 
earlier  states  of  the  insect,  but  so  far  as  it  refers  to  the  moth  it  antici- 
pated the  true  state  of  things,  as  we  have  proved  in  this  investigation. 
Early  in  1874,  Mr.  Grote,  in  his  ^'  List  of  the  IfoctuidaB  of  North  Amer- 
ica," announced  his  belief  that  the  Cotton  Worm  Moth  hitherto  called 
Anmis  xylina^  is  identical  with  the  previously  described  Aletia  argil- 
(acta  of  Hiibner.  This  view  was  accepted  on  his  authority  by  most 
subsequent  writers,  and  iu  the  first  edition  of  this  work  we  treated  of 
the  species  by  the  latter  name. 

At  the  Hartford  meeting  of  the  American  Association  for  the  Ad- 
vancement of  Science,  the  same  year,  Mr.  Grote  read  quite  a  lengthy 
paper  entitled  ''  The  Cotton  Worm  of  the  Southern  States  {Aletia  argil- 
2ffeM  Hiibner.)^    Inthisis  putforth  (as  original),  for  the  fourth  time  in  lit- 
tle more  than  a  quarter  of  a  century,  the  familiar  migration  theory.    Yet 
it  is  approached  in  a  more  careful  manner,  and  the  arguments  advanced 
in  ite  support  are  ingenious,  and  would  have  had  much  force  had  they 
not  flowed  from  mistaken  premises.    The  paper  shows  lack  of  any  prac- 
tical knowledge  of  the  facts.  In  the  discussion  which  followed  its  reading 
^e  disputed  its  conclusions  on  hibernation,  and  the  author  has  added  a 
paragraph  to  the  paper,  as  printed  in  the  Proceedings  of  the  Associa- 
tion, which  was  not  in  it  as  originally  read  and  published  in  the  Few 
York  Tribune  extra,  and  which  embodies  the  very  point  of  our  criti- 
^am.    Mr.  Grote,  starting  witli  the  proposition  that  there  are  no  para- 
^tes  npon  the  Cotton  Worm,  argoed  that  the  absence  of  such  parasitic 
flecks  can  be  easily  accounted  for  by  supposing  that  the  States  are 
^ot  the  natural  habitat  of  the  species,  but  that  there  is  an  influx  of  the 
^oths  every  year.    Dr.  Gorham,  on  the  other  hand,  bred  many  para- 
^tes,  and  yet  from  this  opposing  face  drew  the  same  conclusion,  sup- 
P<*sing  the  last  brood  of  worms  to  be  entirely  killed  by  the  parasites, 
^^Us  necessitating  an  incoming  of  the  moths  the  ensuing  season  from 
•ouie  more  southern  country. 

Prom  this  date  (1874)  up  to  the  commencement  of  the  official  investi- 
gation nothing  of  si)ecial  importance  appeared.    There  were  many  news- 
Paper  articles,  it  is  true,  but  they  were  based  on  the  writings  of  others. 
Early  in  1878  appeared  a  few  copies  (printed  from  stone  for  private 
^tribation)  of  a  quarto  volume  of  plates  and  explanations,  by  Mr. 
Clover,  and  entitled  ^  Manuscript  Notes  from  my  Journal — Cotton  and 
^«  Principal  Insects,  &c.,  frequenting  or  injuring  the  Plant  in  the 
ytiited  States.'^    This  is  by  far  the  most  creditable  work  on  the  sub- 
J^  that  had  appeared  up  to  that  time,  and  the  plates  were  specially 
^mmended  in  the  award  of  a  gold  medal  made  to  Mr.  Glover  for  his 
^ibit  at  the  Paris  Exposition  of  1865. 
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The  nev^spaper  anDoancements  of  the  inTestigation  we  began  in  18*5 
were  very  nanieroas,  but  no  article  worthy  of  note  appeared  befoH 
September,  when,  in  the  Atlanta  Constitution^  we  suggested  a  probs 
billty,  which  we  soon  afterwards  proved  to  be  a  fact,  that  the  mott 
feed  upon  the  nectar  secreted  by  the  foliar  glands  of  the  cotton  plant . 

During  1878  and  1879  the  literature  is  confined  principally  to  tts 
goings  and  comings  and  work  of  the  agents  of  the  Department  of  AgK 
culture  and  of  the  Entomological  Commission.  In  May,  1879,  hov^ 
ever,  we  read  a  paper  on  **  The  Migrations  and  Hibernation  of  Alett^ 
argillacea^  before  the  National  Academy  of  Sciences,  in  which  we  gave 
the  proof  which  had  been  collected  in  favor  of  the  hibernation  of  the 
moths.  Abstracts  of  this  paper  were  published  in  Science  News  for 
'  June  1,  in  the  Scientific  American  of  June  14,  and  elsewhere. 

In  August  of  the  same  year,  we  also  read  a  paper  before  the  American 
Association  for  the  Advancement  of  Science,  entitled  ''The  Cotton 
Worm  in  the  United  States,^'  and  devoted  principally  to  disproving  the 
migration  theory  as  put  forth  by  Grote,  and  also  announcing  some  of  the 
recent  discoveries  resulting  from  the  investigation.  In  addition  to 
these  two  papers,  we  had,  in  July,  delivered^  a  lecture  on  the  Cotton 
Worm  before  the  Mobile  Cotton  Exchange,  which  was  published  in  the 
Mobile  Register  for  July  9,  and  afterwards  extensively  copied  throughout 
the  South,  [n  this  paper  will  be  found  the  first  published  suggestion 
of  the  great  influence  which  parasites  and  other  insect  enemies  of  Ale- 
tia  exercise  on  the  appearance  of  the  worms  upon  low  grounds,  and  the 
part  they  play  in  the  well-known  abundance  of  the  worms  during  wet 
as  compared  with  dry  weather. 

In  January,  1880,  was  recommenced  the  publication  of  the  American 
Entomologist^  after  a  lapse  of  nine  years,  and  the  volume  for  that  yeai 
(Vol.  Ill)  contains  much  information  upon  Aletia  and  other  cotton  ia- 
aects,  derived  from  our  own  observations  and  those  of  our  assistants. 

January  28  appeared,  from  the  Interior  Department,  Bulletin  3, 
United  States  Entomological  Commission,  by  C.  V.  Riley,  entitled  "  The 
Cotton  Worm :  Summary  of  its  Natural  History,  with  an  Account  ol 
its  Enemies,  and  the  best  Means  of  controlling  it ;  being  a  Report  of 
Progress  of  the  Work  of  the  Commission.''  This  is  a  pamphlet  of  on€ 
hundred  and  forty-four  pages,  with  one  colored  plate  and  some  eighty- 
four  woodoats.  It  wafi  the  most  complete  Ireatise  which  had  been  pub- 
lished up  to  that  date,  and  it  contained  much  new  matter.  Over  sixt^ 
pages  are  devoted  to  a  consideration  of  remedies. 

In  May,  1880,  a  few  unbound  and  incomplete  copies  of  a  more  elab 
orate  volume*on  the  same  subject,  by  the  Department  6f  Agriculture, 
were  sent  to  some  members  of  Congress.  It  is  called  "  Rei>ort  upor 
Cotton  Insects,"  and  the  first  two  hundred  and  eighty -four  pages  an 
devoted  to  an  account  of  Aletia.  The  work  was  not  completed  or  die 
tributed  until  the  following  August.  This  volume  is  published  nndc^ 
the  name  of  J.  H.  Comstock,  though  it  really  consists  of  the  first  year=- 
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in  the  investigation  condncted  by  us,  as  then  Entomologist  of 

apartment,  together  with  the  results  of  Mr.  Trelease's  observa- 

laring  the  summer  of  1879.    An  interesting  and  unique  feature 

v-olume  is  Mr.  Trelease^s  chapter  on  Nectar  and  its  Uses,  which  is 

1  with  special  reference  to  the  significance  of  the  extra-floral  nee- 

mds  of  the  cotton  plant. 

eptember,  1880,  the  New  Orleans  Democrat  published  a  long  letter 

1  Cotton  Worm  from  us,  giving  some  of  the  later  results  of  the 

igation,  under  the  following  sub-heads :  Principles  established  ; 

^Faisans;  London  Purple ;  Pyrethrum;  Oils;,  Improved  AppH-  |JJ| 

Poisoning  from  Below;  Early  Poisoning ;  Weather — Conclusion. 

refer  to  the  bibliography  for  a  number  of  later  newspaper  arti- 

id  will  only  call  attention,  in  conclusion,  to  the  article  by  J.  P. 

in  the  Mobile  Register ^  July^  1881,  entitled  "Killing  Cotton 
J,''  in  which  the  writer  discusses  Our  Native  Plants,  Pyrethrum, 
I  Purple,  Paris  Green,  Arsenic;  and  to  the  lecture  delivered  by 
^re  the  Convention  of  Cotton  Planters  at  the  Atlanta  Exposition, 
ber  4, 1881.  It  was  published  in  full  in  the  Atlanta  Constitution 
rember  5,  and  also  iij  a  pamphlet  issued  b}'  the  Department  of  Ag- 
re,  entitled  "Address  of  Hon.  Oeo.  B.  Loring,  Commissioner  of 
Iture,  and  other  Proceedings  of  the  Cotton  Convention  held  in 
a^  Ga.,  November  2, 1881."  The  lecture  was  devoted  to  a  review 
natural  history  of  Aletia,  but  principally  to  a  discussion  of  im- 

applianoes  for  its  destruction.  It  was  also  republished  in  the 
1  Report  of  the  Department  of  Agriculture  for  1881-'82,  pp.  152- 

ng  the  years  1879, 1880,  and  1881,  the  Galveston  News,  the  Selma 
the  Mobile  Register,  and  the  AtUinta  Constitution  have  all  con- 
many  interesting  items  and  communications  upon  cotton  insects, 
appear  from  the  following  bibliography,  which,  while  not  includ- 
the  titles  of  fugitive  articles,  will  be  found  to  contain  all  the 
nportant  references,  as  we  have  carefully  preserved  all  such  writ- 
I  the  subject  during  the  past  decade.  | 

3IBL.IOGBAPHT  UP  TO  AND   iNCJLTJDING  THE  YEAR  1881. 

imd  Gartenbau-Zeitung*  (Madison,  Wis.)* — ''Yertilgung  der  Baumwoli- 
le."    September,  1880. 

[Quotes  largely  from  Bulletin  3.  United  States  Entomolojj^cal  Commission,  concerning  the 
ase  of  London  Purple  and  Pyrethrom.) 

Thos. — ''The  CaterpiUar."    New  Orleans  Commercial  Times,  September, 

(The  Cotton  'Worm.] 

Tho8. — "The  Cotton  Worm  or  Moth;  its  effects  upon  the  Crop."  New  Or- 
s  Commercial  Times,  September  8, 1846. 

Thos. — "Cotton  Worm ;  the  larra  of  Nwstua  xylini."  New  Orleans  Commer- 
Timea,  September  29,  1846. 
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Affleck,  Thos. — **  Destruction  of  the  Cotton  Crop  by  Inaects.''    American  Agrico.. 
iirist,  V,  p.  341,  September,  1846. 

[A  short  historical  account  of  the  Cotton  Worm,  with  a  desoription  of  the  Btate  of  tJbm 
in  MisAissippi  in  AoKiist,  1846,  and  remarks  upon  the  oatoral  history  of  the  insect.  In  til 
article  Mr.  Affleck  first  formalates  the  migration  theory.] 

Affleck,  Thos.— '' The  Cotton  Moth— Ophiaaat    (Xoetua)  xylina:^    Affleck's  Sou^ 
eru  Rural  Almanac  and  Plantation  and  Garden  Calendar  for  1851  (publish 
at  the  office  of  the  Picayune,  New  Orleans),  pp.  49,  50. 

[Quotes  from  a  letter  from  Harris ;  gives  arguments  for  the  hibernation  of  the  moK 
describes  the  egg  aocarately ;  figures  larva,  chrysalis,  and  moth,  and  also  flgnree  an  ichn^ 
monid  pr.raaite,  in  all  probability  Pimpla  ecnquititor,} 

Affleck,  Thos.— ''Cresylic  acid."    Southern  Rnralist,  July,  1868. 
[Advises  its  use  to  drive  tho  Cotton  Moth  away  fhim  the  plant.] 

Affleck,  Thos. — *•  On  the  Cotton  Worm."  American  Agriculturist,  December  (18S 
[Advises  the  use  of  Cresjlic  soap  solution.] 

Alabama  Planter  (C.  F.  Prontf). — Essay  on  the  best  mode  of  using  Paris  Qr-« 
for  tho  Destruction  of  thB  Cotton  Caterpillar.    Demopolis,  Ala.,  November,  IE 

Allen,  H.  R. — American  Farm  and  Home  Cyclopedia.    Indianapolis,  1881. 
[Speaks  of  "  Cotton  Army  Worm  "  and  advises  Paris  green  and  hand-picking.] 

American  Agriculturist. — *^  Report  on  Insects  Injurious  to  the  Cotton  Plant."  ^3 
trmber,  1H78. 

[Editorial  mention  of  the  beginning  of  tho  Cotton  Wonn  Investigation.  J 

American  Farmer. — A  Handbook  of  Agriculture,  &c.,  13th  ed.,  Carleton  &,  Co.,  h^. 
1880. 

[Most  of  the  facts  fVom  Turner:  makes  the  astonishing  iitatement  that  the  Cotton  K«>C 
nitM  inches  long  and  that  the  breadth  of  wing  Is  the  same.] 

American  Naturalist.—-"  The  Cotton  or  Army  Worm  of  the  South."   Vol.  iv,  p. 
March,  1870. 

[A  short  account  from  Proc.  Ent.  Soc.  London,  of  the  injury  done  to  the  cotton  oroi' 
Louisiana  by  the  "Army  Worm  "~ "  RelioOiM  armigera "—undoubtedly  AlUia xylina.] 

Anderson,  E.  Ht — ''Cotton  Caterpillars  and  their  habits."  Rural  Carolinian,  ij^ 
695,  1871. 

[A  short  revievf  of  the  natural  history  of  the  Cotton  Worm,  with  notice  of  a  longer  pi^0 
soon  to  be  brought  out.] 

Anderson,  E.  H. — "More  about  Cotton  Caterpillars.''     Rural  Carolinian,  iii,  p^ 
204-207,  1871. 

[A  controversial  reply  to  Mr.  Qrote's  criticism.] 

Anderson,  E.  H. — "Report  of  fi.  H.  Anderson,  M.  D.,  of  Kirkwood,  Miss."    Sepo^ 
upon  Cotton  InsectJ*,  Department  of  ^  I'ricolture,  1879,  pp.  352-356. 

[Dr.  Anderson's  report  of  observation-  f:.d  experiments  for  the  year  1678-]  », 

Another  Cotton  Planter. — "On  the  Cotton  Caterpillar. ''    Southern  Agrioultoris^ 
p.  489,  lb29. 

American  Cyclopedia.— "Cotton  Worm."    Vol.  v,  p,  419,  1^74. 

[A  shoit  article  on  the  xtast  history,  natural  history,  habits  of,  and  remedies  for,  the  Cotton 
Worm.] 

Atlanta  Constitution.—"  The  Cotton  Worm."    October  3,  1878. 

[Editorial  notice  of  the  work  cf  the  Commission  during  the  anmmer  of  1878.] 

Atlanta  Constitution.— '*  The  Cotton  Worm  Investigation."    July  20,  1880. 
[Plan  of  work  of  the  Commission  for  1880.] 

Bailey,  J.  F.— American  Entomologist,  iii,  p.  77, 1880. 

[A  mere  note  accompanying  specimens  of  the  Cotton  Moth  captured  February  12,  on  ICo^ 
Orange.] 

Bailey,  J.  F.— <'  Pyrethmm  on  Cabbage  and  Cotton  Worms."    American  £ntomol0 
gist,  iii,  p.  296, 1880. 
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Bailey,  J.  F. — *'  Teast  ferment  for  Cotton  Worms/'    American  Entomologist,  lii, 
p.  296,  1880. 

Bailej,  J.  F. — "  Destruction  of  fmit  by  Aletia."    American  Entomologist,  iii,  p.  297, 

Barbee,  "W.  J.—"  The  Cotton  Qnestion."    Neir  York,  1866. 

[On  pp.  151-238  quotes,  eotire,  Gloyer's  artlclM  in  Department  of  Agricnltnre  Heports  for 
1854.*55.] 

Beacb,  A.  B.— "Remedy  for  the  Cotton  Worm."    Science  Record,  pp.  370,  371,  1874. 
f  Paris  green.1 

Bethnne,  Rev.  C.  J.  S.— Discussion  with  Riley,  Mann  and  Lintner  on  Northern  oc- 
currences of  Aletia. 

[See  Report  of  the  Proceedings  oC  tho  Entomolo^cal  Clab,  American  Association  for  the 
Advancement  of  Science,  1880,  in  Canadian  Entomologist^  xii,  p.  176,  September.  1880.] 

Boyle,  J.  P. — "On  the  Cultnre  and  Commerce  of  Cotton  in  India  and  elsewhere. 

London,  1851. 

[Gives  on  p.  232  an  aoconnt  of  the  chenille — If.  seylino— made  np  ftmn  Cbisholm,'  Ure,  and 
Seabrook.] 

Brandt,  Loiiia.'~''A  Suggestion."    Cuero  (Tex.)  Bulletin,  January  3, 1882. 

[Has  experimented  with  salt  and  fonnd  It  of  no  arail ;  bnt  advises  the  introduction  of  the 
English  Sparrow.  ] 

Bveed,  Daniel. — "  Description  andfignres  of  recent  inventions  for  insect  destmction." 
Field  and  Forest,  iii,  p.  92,  93,  fig.  23-27,  December,  1677— Psyche,  Record  No. 
946  ft. 

[For  destroying  AleHti,  I/eueania  and  Doryphora.] 

Biiniett,  "W.  l— "The  Cotton  Worm  of  the.  Southern  States."     Proceedings  of  the 
Boston  Society  of  Natural  History,  iv,  pp.  316-319,  1854. 

[An  accoont  of  the  insect,  short  and  mostly  from  hearsay.  Proposes  the  migration 
theory.] 

^apera,  C.  "W.— "On  the  Cotton  Caterpillar."     Southern  Agriculturist,  i,  p.  203, 
May,  1828. 

[Qnotes  Say*s  original  description  as  sent  to  him  in  MS. ;  gives  a  fnll  acconnt  of  ravages 
from  1804  to  1827  and  describes  in  a  general  way  the  egg,  larva,  pnpa,  and  adnlt.  J 

Carolina  Farmer.—"  Death  to  the  Cotton  Worm."     1869,  p.  142. 

[fieport  of  a  meeting  of  planters  at  Opeloasas,  La.,  at  whfoh  it  was  decided  to  nnite  in  mak- 
ing fires  to  destroy  the  moths.] 

OaroUna  Parmer.— "The  Cotton  Caterpillar  (Anomis  xylinay"    Vol.  iv,  p.  278,  1872. 

Carolina  Fanner.— "The  Cotton  Caterpillar."    Vol.  i,  p.  142,  1868. 

Chiaholm,  Dr. — "  Cotton."  Sir  Dayid  Brewster's  Edinburgh  Cyclopedia.   Edinburgh, 
1830. 

[Draws  np  a  description  of  the  chenille  in  Latin.    Oives  an  extended  acconnt  of  it8  habits 
^     as  ohserved  by  him  in  Demerara  (British  Oniana)  in  1801-'2,  and  proposes,  as  a  remedy,  fumi- 
gation with  snlphnr.] 

Colorado  CitiseiL— "  Of  the  Cotton  Worm."    July  17,  1879. 

[Result  of  an  interview  with  Professor  Riley,  giving  progress  of  work  of  the  Commission.] 

Colorado  Citizen.— "  Investigator  and  the  Cotton  Worm."    September  11,  1879. 
[An  editorial  defense  of  Professor  Riley  against  "Investigator."] 

Colnmbua  (Oa.)  Inquirer.—"  The  Cotton  Caterpillar."    February  11, 1874. 
[Advocates  at  length  the  spontaneous  generation  of  the  caterpillar.} 

^'^"'^•tock,  J.  H.— Report  npon  Cotton  Insects.     Washington,  1879  TDepartment  of 
-AgTicultore).    May  18,  1880. 

[Devotes  the  first  284  pages  to  the  consideration  of  Aletia,  with  a  colored  plate  and  many 
Qlnstratlons.  Results  of  the  first  year's  investigation  under  Riley,  together  with  reports 
from  Ifir.  WUUam  Tr«lease.) 

^°*f*^k,  J.  S. — ^The  previous  work  ooudensed  in  Annual  Report  of  the  Commis- 
■*®»e»  of  Agriculture,  1879,  pp.  263-332.  * 
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Coiinerly,  D.  C.  B. — **The  fight  with  the  Vermine."    Entaw  Whig  and  Observer 
August  7,  1873. 

[On  the  use  of  Paris  green  for  Aletia.] 

•Cotton.  "—"The  Cotton  Caterpillar,  No.  5.     The  Moth  Fly,  or  Imago."    Navaeov 
(Tex.)  Tablet,  June  11, 1860. 

[Seems  to  be  a  compilation  tram  Bulletin  3,  United  States  EnlomoloKical  Commlssioa.] 

"Cotton." — "The  Cotton  Caterpillar,  No.  7.      How  to  destroy  them."     Navaso 
(Tex.)  Tablet,  June  25,  1880. 

D.,  J.  R. — "The  Cotton  Caterpillar."    American  Cotton  Planter,  August,  1850. 
[Advises  poisoned  sweets  and  striking  down  the  moths  with  paddles.] 

Beimpr, — Cotton  Planter's  Manual,  by  J.  A,  Turner.    New  York.    p.  160,  1875. 

Dana,  W.  B  — Cotton  from  Seed  to  Loom.    New  York.     1878. 
[On  p.  117  gives  a  short  account  of  the  caterpillar.] 

De  Bow's  Industrial  Resources  of  the  Southern  and  Western  States. — "  The  C  « 
ton  Caterpillar."    p.  170,  1852. 

[Quotes  extensively  fi*om  Affleck.] 

De  Bow's  Industrial  Resources  of  the  Southern  and  Western  States. — "  Cot^- 
Worms."    p.  171,  1852. 

[Advocates  nse  of  Plaster  of  Paris.] 

De  Bow's  Review.— "The  Cotton  Worm,  its  Character,  Habits,"  &c.    Vol.  x^^ 
pp.  451-459,  1854. 

Department  of  Agriculture.— ''Birds  and  the  Cotton  Worm."    Monthly  Report:^ 
Department  of  Agriculture,    p.  273,  1870. 

[Advocates  tho  sowiog  of  millet  in  the  fields  to  attract  birds,  and  also  the  introdnotioxi 
the  English  Sparrow.] 

Department  of  Agrictilture. — ''  Cotton  Insects."    Special  Report  No.  8,  p.  8,  &« 
tember,  1878." 

[An  account  of  the  progress  of  the  investigation  np  to  September.] 

Dickerman,  C.  W. — How  to  make  a  farm  pay.     Philadelphia,  Cincinnati,  Chica^ 
and  St.  Louis.    1869(r}. 

[On  pages  222-223  speaks  of  the  Cotton  Moth ;  quotes  mostly  fh>m  Lyman.] 

Dodge,  C.  R. — "A  Word  about  Cotton  Caterpillars."    Rural  Carolinian,  iii,  pp.    ^ 

88,  1871. 
Dodge,  C.  R.— *'  Cotton  Caterpillars ;  One  Word  More."   Rural  Carolinian,  iii,  pp.  S 

264,  1871. 

[Corrects  statements  in  the  last-mentioned  paper.] 

Dodge,  C.  R. — '*  The  Paris  Green  Remedy  for  the  Cotton  Caterpillar."    Rural  C^ 
linian,  v,  pp.  193-195, 1874. 

[Summarizes  the  replies  to  the  Department  of  Agriculture  circular  of  1878.] 

Dodge,  C.  R.— ''  Injury  to  Cotton  by  Insects."    Rural  Carolinian,  t,  pp.  417,    ^ 
1874. 

[Tabulates  the  first  appearances  of  the  worm,  and  states  Professor  Glover's  theory  o^ 
partial  hibernation  of  the  insect  in  all  states,  which  the  table  upholds.] 

Dodge,  LewlB  A. — ''The  Cotton  Caterpillar."    American  Naturalist,  vii,  p.  213,  Api 

1873. 

[Gives  popular  southern  ideas  and  wrongly  figures  Heliothit  phlogitph^fa  Gr.  fbr  the  Vf 
Worm.] 

Doubleday,  Edward. — Transactions  of  the  London  Entomological  Society,  184  - 
Proceedings,  p.  33. 

[Mentions  having  received  the  American  Cotton  Moth  fh)m  T.  W.  Harris,  and  states  thm 
it  belongs  to  no  European  genus,  coming  nearest  to  Ophitua,} 

Doubleday,  Bdward.— Entomological  Correspondence  of  T.  W.  Harris.   Boston,  1@G9. 
p.  173. 

[In  a  letter  to  Harris,  dated  April  1^  1%41 ,  states  that  the  Cotton  Moth  is  near  to  Ophnua 
^ut  is  a  new  genus.]  * 
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DnBose^  X  W. — "Influence  of  Winds  on  Aletia."  American  Entomologist,  iii,  p.  105, 

1880. 

Edwardii  BxyaxL — History,  Civil  and  Commercial,  of  the  British  Colonies  in  the 
West  Indies.    Philadelphia,  180S-'6. 

[Containing  an  scoonnt  of  the  rayage  of  the  eh^nilU  in  the  West  Indies  in  1788  and  1794.1 

Evening  Star  (Washin^n,  D.  C.)* — "Cotton  Worm  and  Cotton  Culture  in  Foreign 
Countries."  April  13,  1880. 
[Braxn  and  Hezico.l 

Finaen'Home  JoumaL—"  Cotton  Moths."    May  14,  1881. 

[An  acconnt  of  snocsssftil  experiinenta  by  J.  D.  Austin,  of  Fannin  Coanty«  Texas,  with 
tep-lantems.    Also  pnblished  in  the  OahMtton  Nmvt  of  July  21.] 

fanien'  Review.—"  The  Cotton  Worm."    August  26,  1880. 

[Copies  the  supplementary  circnlars  sent  by  Professor  Kiley  to  agents  of  the  Commission.] 

^wgBson,  Jamea  M. — "The  Cotton  Worm."    Monthly  Reports  of  the  Department 
of  Agriculture,  1867,  pp.  288-289. 

[Gires  observations  on  the  natural  history  of  the  Cotton  Worm  and  adyisea  hand-picking  of 
the  iirst  brood.] 

^'•teher,  James.— "The  Cotton  Worm."    Canadian  Entomologist;  xiii,  p.  233,  No- 
vember, 1881. 

[Beport  of  the  Annnal  Meeting  of  the  Entomological  Society  of  Ontario.  Letter  from  Mr. 
Fletcher,  aslcing  for  observations  on  Aletla ;  and  notes  of  their  captnre,  by  Messrs.  Mofiktand 
Seed.l 

'*^da  Dispatch.— '<  The  Cotton  Plant."    July  16. 1879. 

(A  lengUiy  article,  one  of  the  snb-heads  being  "  The  Cotton  Caterpillar."  A  short  review 
of  the  natoxal  history,  advising  Paris  graen  as  a  remed^.  ] 

^^'^ey,  C.  G. — •*  Cotton  Worms — Noctuagossypii."    New  Orleans  Commercial  Times, 
September  22, 1846. 

to,  R.  N. — •*  The  Cotton  Worm,  or  Caterpillar."    Southern  Farmers'  Monthly, 
August,  1880. 

[Hibernation  of  Moth  and  Inflaenoe  of  Weather.] 

«r,  A.  8. — "  Paris  Green  and  the  Cotton  Worm."    New  York  Weekly  Sun,  Novem- 
ber 4,  1874. 

,ey,  J.  R. — "The  Cotton  Army  Worm,"    Southern  Herald,  Liberty,  Mississipi, 
May  and  June,  1869. 

[Noa.  1  and  2  are  devoted  to  an  attempt  to  prove  the  hibernation  of  the  insect  in  the  chry- 
salis state.  No.  3  advises  as  remedies  hand-picking,  fires  at  night,  sowing  castor-bean  and  cow- 
pea  in  the  cotton  field,  and  late  fall  and  winter  plowing]. 

Ottl-veston  Newa.— "  The  Cotton  Caterpillar."    September,  1879. 

[Contains  extracts  from  the  report  of  Dr.  G.  E.  Gillespie  to  Professor  Riley,  on  hibema* 
tion  and  the  encooragement  of  birds.] 

Oalveiton  News.—"  The  Cotton  Worm  Investigation."    Augufet  14, 1880. 

[An  interview  between  a  reporter  of  the  Netot  and  Professor  Stelle  on  the  work  of  the  Com- 
nlisian]. 

Oaomer,  Geo.- "Injury  to  Fruit,"    Kansas  Farmer,  October  3,  1877. 
[Gives  an  acconnt  of  injury  to  ripe  peaches  by  A  Uiia  xylina  in  Kansas.] 

^^•rtenbau-Zeitimg.— "DieBaumwoUraupe."    October,  1876. 

[A  short  acconnt  in  German  of  Aletia  argiUacea  and  Laphygma  fmgiperda  (Graswnrm). 
ninstrated.] 

^^w.  Townend.— "The  Cotton  Caterpillar  {NocUta  xylina)."    Annual  Report  of 
^*©  Commissioner  of  Patents  (Agriculture),  1855,  pp.  71-76. 

[Gives  popnlar  descriptions  of  sJl  states  of  the  insect,  and  an  historical  account  of  its  rav- 
ages.   Details  the  remedies  known.    Figaros  all  states.] 

^^®''»  Townend. — Insects  Injurious  to  Cotton  Plants.    No.  3.    Cotton  Caterpillar, 
^'  Cotton  Army  Worm  (Nocttia  lAnamia']  xylina)  Say.    Menthly  Beport  of  the  De- 
i***^ment  of  Agriculture,  1866,  p.  331. 

[Sabstantially  the  same  article  as  that  in  the  Annnal  Beport  for  1855*,  verj  few  changes.  1 
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Olover,  Townend. — Report  of  the  Commissioner  of  Agriculture,  IB67,  pp.  58-61. 

[Describes  the  Cotton  Worm  in  all  states,  with  good  flKares.  Speaks  of  the  northvard 
migration  ot  the  moths,  and  of  the  great  good  done  by  the  ants  in  deatroying  both  the  egp 
and  the  larvie.    Gives  a  popular  description  also  of  what  is  evidently  Pim^fia  eonquitUar,] 

Glover,  Tovmend. — Report  of  tlie  CoinmiBsioner  of  Agriculture,  1871,  pp.  83,84. 

[Gives  an  account  of  the  occurrences  of  the  worm  in  1871,  and  speaks  without  apecifis 
reference  of  a  recently  invented  machine  for  sprinkling  poisons.  Adviaea  strenuous  efforta 
to  destroy  the  first  crop  of  worms.] 

Glover,  Townend. — Reyiort  of  the  CommiBsfoner  of  Agriculture,  1872,  pp.  118-120. 
[An  account  of  the  ravages  of  the  Cotton  Worm  in  1872.1 

Glover,  Townend. — ^Report  of  the  Commisaiouer  of  Agriculture,  1873,  pp.  163-169. 
[Injuries  in  1873 ;  summary  of  experience  in  favor  of  the  green.] 

Glover,  Townend. — Monthly  Reports  of  the  Department  of  Agriculture,  1874,  p.  125. 
[Hia  belief  quoted  that  the  insect  hibernates  in  all  atates  in  the  more  aotfthem  ptutieas 
of  the  cotton  belt*  and  as  the  season  advances  migrates  northward.r     - 

Glover,  Townend. — Report  of  the  Commissioner  of  Agriculture,  1874,  pp.  128, 129. 
[A  review  of  Mr.  Grote's  paper  on  the  migration  of  the  Cotton  Moth.] 

Glover,  Townend. — Manuscript  Notes  from  my  Journal — Cotton,  and  the  principal 
Insects,  &,c.f  frequenting  or  injuring  the  Plant  in  the  United  States.    Washing- 
ton, 187H.    (A  few  copies  printed  from  stone  for  priyate  distribution. ) 
[On  plate  x  figures  the  Cotton  Worm  in  all  stages.] 

Gtorham,  D.  B.. — **  The  Cotton  Worm,  its  History,  Character,  Visitations,  &^,"    De 

Bow's  Commercial  Review,  iii,  p.  535, 1847. 

Reimpr, — Southern  Cultivator,  1847,  p.  114. 

Eeimpr. — De  Bow's  Industrial  Resources  of  the  Southern  and  Western  States,  1852, 

p.  158. 

[Contains  an  account  of  previous  vialtations  of  the  Cotton  Worm,  and  extended  remarks 
upon  its  natural  history.  Proclaims  the  migration  theory  in  full,  and  gives  arguments  for  it 
Draws  up  a  deacription  of  what  Ia  evidently  Pimpla  eonquititor  (the  first  mention  of  a  paia- 
site  on  the  cotton  worm).} 

Grote,  A.  R. — Proceedings  of  the  Entomological  Society  of  Philadelphia,  ill,  p.  541, 

1864. 

[Annoancea  the  identity  of  Koctita  xylina  Say,  and  Anomit  bipunetina  Guen6«,  and  pro* 

poses  the  name  Anomit  xylina  Say.  | 

Grote,  A.  R. — **Anomi8  xylina.    A  Review."    Rural  Carolinian,  iii,  pp.  88-92,  1871. 
[An  extended  criticism  of  a  paper  by  Dr.  Anderson's  in  vol.  ii,  p.  695.    Gives  a  hint  at  . 
the  migration  theory  which  he  elaborates  in  1874.] 

Grote,  A.  R. — '*Dr.  £.  H.Anderson  and  Cotton  Caterpillars."    Rural  Carolinian,  iii,  , 
pp.  30c,  309,  1871. 

[A  review  of  Dr.  Anderson's  paper  on  pp.  204-207.] 

Grote,  A.  R.~''JiiomM  xj^Zina  (Say)."    Bulletin  of  the  Buffalo  Society  of  Naturali 

Sciences,  i,  p.  170, 1874. 

[First  suggestion  with  a  reservation  that  Hiibner's  AlsOa  arfpOacM  is  the  aame  aa  Say'sa 
Koetua  wyUna.] 

Grote,  A.  R.— "The  Cotton  Worm."    American  Naturalist,  viii,  p.  568,  1674. 
Grote,  A.  R.— "On  the  Cotton  Worm  of  the  Southern  States  (AUtia  argillaoea  Httb- 
ner).''    Proceedings  of  the  American  Association  for  the  Advanoement  of  Science,  ^ 
zxiii,  part  ii;  pp.  13-18,  lb74. 
Jdr.  jpr.— Hartford  Couraut,  xxxviii,  No.  195. 
Adv.  jpr.— New  York  Tribune  Extra  No.  21,  pp.  61-62. 
Adv.  jpr. — American  Naturalist,  viii,  pp.  722-727. 

[Habits  and  synonymy  of  the  Cotton  Worm.    Proposes  the  migrattflu  theory.    The 
print,  as  published  in  the  American  Naturalist  and  the  A.  A.  A.&  Prooeedingi,  ia  altei 
and  differs  from  the  first  print  in  essential  particulars.] 

Grote,  A.  R.—"Tho  Cotton  Worm;  its  Hahitat     Means  against  it."      Scienti 

American,  ▼xxi,  p.  lt)8,  1874. 
Grote,  A.  R.— "List  of  the  Noctuidae  of  North  America."    Bulletin  of  the  Buflfa^ 
Society  of  Natural  Sciences,  i\,  1874-'1^. 

[On  page  21,  the  Cotton  Moth  \a  entA^i-vd  un^et  IL\i\)i\«y'%  ixticox^  ^1  A\t\>A  eir^jCOaoMk^  v&A. 
ayDODymy  is  given.  1 
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Orote,  A.  R. — "  The  Cotton  Wonn."    Qeological  Survey  of  AiabfUDa,  Report  of  i^ro- 
gress  for  1875.    Montgomery,  ^B76,  pp.  199-204. 

[An  account  of  the  natural  history  of  the  Cotton  Wonn,  with  argnmente  favoring  the  ml* 
gration  theory.] 

Grote^  A.  R. — *'  Report  of  A.  R.  Grote,  of  Baffalo,  N.  Y."    Report  upon  Cotton  Inaecte, 
Deportment  of  Agriculture,  1679,  pp.  351-352. 

[A  abort  account  of  Mr.  Grote's  doings  in  Georgia  and  Alabama  aa  an  observer  in  the  in- 
vestigation.] 

Grote,  A.  R. — ''The  Cotion  Worm."    North  American  Entomologist,  1,  p.  68,  March, 
1880. 

[A  vain  criticism  of  Bulletin  3,  United  States  Entomological  Commission.] 

Orote,  A.  R. — ^^Alttia  argillaceaJ^    In  ''North  American  Noctuide  in  the  ZutrsDge." 
Canadian  Entomologist,  xii,  p.  116,  June,  1880. 
[Gives  his  views  on  migration.] 

Ooea^e,  A. — Species  g^n^ral  des  L^pidopt^res.    Noctu^lites.    Vol.  ii,  p.  400;  ibid., 
p.  401;  vol.  iii,  p.  397;  1852. 

[In  ToL  ii,  p.  400,  tbe  Cotton  Worm  Moth  is  described  as  Anomis  grandipwneta ;  on  page  401 
it  is  again  described  as  Aiwmi*  bipvmctina,  and  again,  in  vol.  iii,  p.  397,  under  the  latter  name 
(•ae  Chapter  I).] 

Banli^  T.  W. — "A  Treatise  on  some  of  the  Insects  of  New  England  which  are  luju- 
rioQs  to  Vegetation."    Boston,  2d  edition,  1852,  p.  457. 
[A  very  brief  account  of  JVbettta  xylitM  Say.] 

Haxiis^  T.  W. — "Entomological  Coircspondence."    Boston,  1869,  p.  1G9, 

[In  a  letter  to  Doubleday  mentions  having  received  specimens  of  the  moth  and  asks  for  a 
generic  determination.    Date  of  letter,  October  24, 1846.] 

Hempstead,  O.  H.,  jr.—"  The  Cotton  and  Boll  Worm."    Monthly  Report  of  the  De- 
partment of  Agriculture,  1867,  p.  '214. 

[Favorable  experiences  with  home-made  trap-lantern.] 

Henderson,  Stephen.—'*  The  Army  Worm."    Farmers'  Register  ( Va. ),  1840,  pp.  660- 
661. 

TAn  interesting  account  of  the  ravages  of  AnomU  xylina  in  Louisiana  in  1840.] 

HoUy  Springs  Sonth. — "A  Committee  of  Entomologists."    April  7,  1880. 

[Announcement  of  a  memorial  pre&entcd  to  Cougix'as  by  Hon.  Y.  Monninir,  from  the  pro- 
frssors  of  the  University  of  Mississippi,  asking  for  a  cot lou -insect  investigation.] 

Howard,  W.  R.— "^iiaww  {N)  xylina:'    Phillip^s  Southern  Farmer,  vii,  pp.  361,  362, 

[Gives  a  short  account  of  the  natural  history  of  the  CottouWorm ;  states  at  len^^th  the  con- 
flict of  opinion  on  the  subject  of  the  hibernation  of  the  insect,  quoting  the  opinions  of  all  the 
prominent  writers,  and  asking  all  planters  to  try  and  solvo  the  problem.} 

So^ard,  W.  R.— "Cotton  Worm."    Phillip's  Southern  Farmer,  November,  1874. 

[Arguments  in  favor  of  the  hibernation  of  the  moth,  and  remarks  upon  pateots  for  arseni* 
cal  mixtures.} 

Howard,  L.  O. — "A  new  Silk-spinning  Chalcid.'-    Canadian  Entomologist,  August, 
1880,  p.  1.5ei. 

[Describes  Eupleetrut  eonutoekii  n.  sp.,  a  parasite  on  the  Cotton  Worm.] 

*^»  ^.  R. — "The  Occnrrence  of  Aletia  argillacea  in  Wisconsin." 

[Read  before  the  Entomological  Club  of  the  American  Association  for  the  Advancement  of 
Science.    Saratoga  meeting,  18S0.] 

^y%  J.  D. — "Practical  Modes  of  Destroying  th^^  Cotton  Worm.''    Prize  Essay, 
^^a,  Ala.,  1874. 

[Paris  green,  arsenious  acid,  knocking  the  worms  ftom  the  plants,  fires,  lantern  traps.] 

.  .T**"^  H.  G. — "  Notes  on  the  Cotton  Worm  in  Florida."    American  Entomologist, 
^*»P,  227, 1880. 

^^4  H.  O. — "P7iora  aletia  not  a  true  parasite."   American  Entomologist,  iii, 
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Hubbard,  H.  O. — **  Anta  vs.  Cotton  WormB/'  American  Entomologist,  iii,  p.  249, 188C 

Hubbard,  H.  G.— ' '  Vertebrate  Enemies  of  Aletia,**  American  Entomologist,  i i  i,  p.  25( 

1880.  * 

Hubbard,  H.  O. — '' Spider  and  Cotton  Worm."    American  Entomologist,  iii,  p.25( 
1880. 

Hiibner,  Jacob. — ZutrUge  znr  Sammlung  ezotiscber  Schmetterlinge,  bestehend  i 
Beknudignug  einzelner  Fliegmuster  neuer  oder  rarer  niclit  enropaischer  Gattnn 
gen,  Augsburg,  Verfasser.    1818-1823.  Centur.  ii. 
[Contains  tho  original  deiioription  otAUHa  argiUaeetL] 

"Investigator."— "The  Cotton  Worm."    Galveston  News,  September  9,  1879. 
[Casts  unwamnted  reflections  on  the  work  of  the  Commission.] 

Johnson,  Cuthbert  "W. — Farmers'  and  Planters'  Encyclopedia  of  Rural  Affairs.    Lon 
don,  1843;  Philadelphia,  1868. 

[In  article  on  **  Cotton,"  quotes  fhim  Spsldlng'a  essay  as  in  Ure.] 

Jones,  R.  "W.— '^  BoU-wonn  devonring  Cotton-worm."     American  Entomologist,  iij 
p.  253, 1880. 

Jones,  R.  'W.— "  Uselessness  of  Yeast  Ferment."    American  Entomologist,  iii,  p.  29( 

1880.  • 

"J.,  W."  (Wm.  Jones?)— "The  Cotton  Caterpillar."   Southern  Cultivator,  1867,5 

107. 

[Advises  extermination  of  the  first  brood  by  destroying  tbe  eggs.] 

Jones,  Wm. — "Cut-worms  and  Caterpillars."     Sonthern  Cultivator,  1669, pp.  106 
107. 

[Edit  oiilal  answer  to  questions  aboat  Cotton  Worm.     Atgnments  for  tbe  hibemsUoil  of  tb 
cbrybolis,  end  notes  on  extensive  parasitism  of  the  last  brood  of  worms.  ] 

Jones,  WuL — **  The  Cotton  Caterpillar."    Southern  Cultivator,  1870,  p.  67. 

[Editorial  answer  to  letter  from  A.  S.  H.,  asking  for  information  oonoeming  Cotton  Womi 
States  that  little  is  known,  and  dwells  npon  disputed  point  of  hibernation.  1 

Jones,  "Wm.  J.—*'  The  Cotton  Caterjiillar."    Galveston  News,  August  19,  1879. 
[A  long  article  advocating  hibernation  of  the  pn{>a.] 

Jones,  "Wm.  J. — "  The  Cotton  Caterpillar  Question."    Galveston  News,  October  31 

1879. 

[A  controversial  answer  to  Professor  Riley's  letter,  published  in  the  JITmm  of  October  S4 

1870.1 

Jones,  Wm.  J. — "  Report  of  Judge  Wm.  J.  Jones,  of  Virginia  Point,  Texas."    Repot 
npon  Cotton  Insects,  Department  of  Agriculture,  1879,  pp.  356-358. 
[Judge  Jones's  aocoant  of  observations  during  1878.] 

Jones,  Wm.  J.—'*  Loudon  Purple  in  Texas."     American  Entomologist,  iii,  p.  3S 
1880. 

"  K."— *'How  to  destroy  Caterpillars."    Southern  Farm  and  Home,  1871,  p.  135. 

[Believes  tbat  the  webs  on  trees  through  the  winter  contain  the  gennaof  the  cotton  woms 
Hence,  advises  to  bom  all  such  webs.] 

Kellicott,  D.  8.— .'^Aletia  in  New  York  State."    American  Entomologist,  iii,  p.  29i 
1880. 

[Specimens  found  October  IG,  1878,  and  November  6, 1880.] 

Landon,  M.  D.— '^  The  Cotton  Caterpillar  {Nootua  xylina)."     Report  of  the  Comm^- 
missioner  of  Agriculture,  1864,  p.  93. 

[A  short  account  of  the  na^ral  history  of  the  insect,  with  figures  of  larva,  chryaaUs»  ^ 
moth.    Advocates  the  hibernation  of  the  meth. ] 

Ziegree,  J.  D.—  Southern  Agriculturist,  1829,  p.  437. 

[In  a  foot-note  to  an  article  on  rotation  of  crops,  advises  rotation  of  crops  for  Cotton  CflM> 
pillar,  and  also  warns  against  the  iz^udioious  use  of  maaore  in  a  state  of  foRDentation.j 
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ir,  J.  A. — "  Entomology  in  America  in  1879/'  Address  of  the  President  of  tbe  En- 
tomological Club  of  the  American  Association  for  the  Advancement  of  Science. 
A^merican  Entomologist,  iii,  p.  16, 1880. 

iGiTea  a  long  notice  of  Glover's  Manuscript  notes  — ,  Cotton,  Mid  cites  it  as  a  model.] 

XjiOrin^  and  Atkinaon. — Cotton  Culture  and  the  South.    Boston,  1869. 
[On  p.  64  gires  a  very  meager  notice  of  the  Cotton  Worm.] 

Jooeph  B. — '^  Cotton  Planting.''    Beport  of  the  Commissioner  of  Agricult^ 
lire,  1866,  p.  193. 

[Under  the  bead  of  "  Enemies  of  the  Cotton-Plant,  and  how  to  destroy  thraa,"  the  Cotton 
Moth  is  described.  Advises  sugaring  for  the  moths,  fires  at  night,  catching  the  moths  in 
hand-nets,  and  picking  the  leaves  on  which  the  eggs  are  deposited.  The  article  contains 
some  glaring  eTTora.] 

Joseph  B.~Cotton  Cnltnre.    New  York,  Orange  Judd  &  Co.,  1868.     '*The 

Cotton  Moth,"  pp.  86-89. 

[A  short  account  of  the  met«morphos«s,  with  figures  of  the  different  stages.] 


■«i 


•• 


— "The  Cotton  Moth."    American  Agriculturist,  yi,  p.  22,  January,  1847. 

[Effect  of  weather  on  the  period  of  development  and  number  of  broods ;  hypothetical  biog- 
raphy of  If.  xyKna,] 

• 

H.  C. — "Formicario!."    Beport  upon  Cotton  Insects,  Department  of  Agri- 
onlture,  1879,  pp.  182-189. 

[A  short  rqwrt  upon  tbe  species  of  ants  collected  by  the  obserrers  connected  with  the 
Cotton  Insect  Investigation.  Treats  of  (1)  Dofymyrmex  intantu  (Buckley),  (2)  B.JUmu^  n. 
var.,  (3)  Irid&myrmez  maeoooki  Forel,  (4)  OremtUogaster  lineokUa  (Say),  (5)  C,  elara  Mayr,  (6) 
SoUnoptit  xyUmi  n.  up.,  (7)  Monomcriwrn  earbonariwm  Smith,  and  figures  nos.  1,  4,  and  6.] 


•« 


Q/* — '*  Diseases  of  the  Cotton  Plant  and  their  Remedy."    De  Bow's  Review,  zi, 
I».  7, 1857. 

mpr, — De  Bow's  Industrial  Resources  of  the  Southern  and  Western  States.   1852, 
I>.  158.  • 

Innen,  Daniel. — ^Tour  through  the  British  West  Indies  in  1802-'3.    Giving  a 
Particular  Account  of  the  Bahama  Islands.    London,  1804. 

[Gives  an  account  of  the  ravages  of  the  ekenilU  on  Acklin's  Island,  Bahamas,  and  also  of 
the  appointing  of  a  commission  by  the»general  assembly  of  the  islands,  in  1801,  to  investi- 
gate the  causes  for  the  repeated  fiulure  of  the  cotton  crop,  the  principal  cause  being  the  rav- 
ages of  the  ehtniUe.\ 

TMegraph  and  Measenger. -*'  The  Cotton  Caterpillar."    July  29, 1880. 

[Contains  a  press  report  of  Profesi^or  Kiley's  Mobile  Cotton  Exchange  address,  and  also 
prinu  in  full  Circular  No.  11  of  the  Commission.) 

ion  (Ala.)  Commonwealth.—**  Prof.  C.  V.  Riley."    July  3,  1879. 

[Editor's  notice  of  Professor  RUey^s  riews  on  hibernation  and  announcement  of  the  pro- 
posed InresUgation.] 

Qe  Register.—'*  The  Cotton  Caterpillar."    August  18, 1872. 
^eimpr. — Carolina  Fanner,  September,  1872. 
^timfT. — Southern  Farm  and  Home,  October,  1872. 

[An  editorial  on  thin  subject,  mentioning  in  the  concluding  paragraph  the  fact  that  Paris 
green  was  being  used  by  several  persons  at  that  time.] 

^^ot)Ile  Regiater.— ''The  Cotton  Worm."    June  2,  1880. 

[Editorial  notice  of  tho  United  States -Entomological  Commission  snd  a  lengthy  plea  for 
extended  appropriations.!  * 

^^^tgomery  (Ala.)  Ac^yertlaer. — **  Cotton  Caterpillar."    August  15,  1873. 

^^  [DetaOed  experiments  on  tbe  breeding  of  AleUa  in  Jars.] 

^^ozTi]],  Angnatna  (United  States  Consul  at  Manzanillo,  Mexico). — "Cotton  Cult- 
ure and  the  Cotton  Worm  at  Manzanillo,  Mexico."  American  Entomologist,  iii, 
P.  152, 1680.  t 

^**t«on.  H.  BL,  and  Hagen,  H.  A.—'*  Is  Aletia  argillaoea  winter- killed  every  year  f  " 
^ayche,  ii,  p.  23,  March-April  [9  July]  1877.— Psyche  Record,  No.  1381. 
[Support  the  negative  of  tbe  question.] 
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Morse,  Oeorge  W.— *'  The  Cotton  Caterpillar."  Monthly  Reports  of  the  Departmen 
of  Agriculture,  l>^67,p.249. 

[Adyises  that  summary  meaAorea  be  taken  to  destroy  the  first  brood  of  worms  by  oflerin 
a  reward  for  the  first  worm,  and  as  soon  as  that  is  fonnd  taming  a  force  into  the  fields  t 
search  for  them.) 

Motheral,  "W.— "  The  Cotton  Worm."    Rural  Sun,  Nashville,  Tenn.,  February  25, 1S75 
[Gives  an  incomplete  account  of  the  natural  history  and  adHaes  the  introdaction  of  th 
English  Sparrow  into  the  South.  1 

Mullen,  8.  B.— **  Stink  Bush  as  an  Insecticide.'^    American  Entomologist,  lii,  p.  22r 

1880. 

[Advises  its  use  for  AUtia.]. 

Natchez  Democrat  and  Couxler. — September  7,  1880. 

[A  short  article  (editorial)  on  London  purple  and  Pyrethnun.] 

Ne'w  Orleans  Picayune.—*^  The  Cotton  Worm  Commission. '^    August  13,  1878. 

[Editorial  notice  of  the  organization  of  the  investigation  with  an  explanation  of  the  mign 
tion  theory.) 

New,  W.  W.~Southem  Planter,  1842. 

[In  an  address  before  the  Agricultural  Society  o^Hinds  County,  Mississippi,  1839,  advise 
planting  cotton  in  hills,  giving  the  plmt  more  light  and  sun  and  lessening  the  proteotloo  o 
the  Insect.] 

Our  Home  Journal  and  Rural  Etonthland.— '^The  English  Sparrow — A  remedy  to 
the  Cotton  Worm."    1873. 

Packard,  A.  S.,  jr.—"  Guide  to  the  Study  of  Insects.''  Salem,  1869,  pp.  31:J-315.  A 
rjl'ma, 

(Short  account  of  natural  history  and  habits.  J 

Packard,  A.  S.,  jr. — ^'Tlie  Cotton  Army  Worm,  Aletia  arffillucea  Hiibner;  Amom 
xylina,  Say."  Keport  on  the  Rocky  Mountain  Locust  and  other  Insects  now  in 
juring  or  likely  to  injure  Field  and  Garden  Crops  in  the  Western  States  and  Ter 
ritories.  Extracted  from  the  Ninth  Annual  Report  of  the  United  States  G^ologi 
I'ol  and  Geographical  Survey  of  the  Territories  for  1875,  pp.  775-778. 
[A  general  account  of  the  insect,  compiled  from  Riley,  Grote,  and  Glover.] 

Packard,  A.  S.,  jr. — American  Naturalist.  xiv,p.  535,  1879. 

[Editorial  notice  of  the  transfer  of  the  Cotton  Worm  Investigation  from  the  Agriciritun 
Department  to  the  Uniteil  States  Entomological  Commission.) 

Packard,  A.  S.,  jr.-  ''  Riley  on  the  Cotton  Worm.''  American  Naturalist,  xiv.  p.  ^Z8Q 
1880. 

[Notice  of  Bulletin  8,  United  States  Entomological  Commission.  ] 

Packard,  A.  8.,  jr. — American  Naturalist,  xiv,  p.753,  1880. 

[Editorial  account  of  the  organization  of  work  on  the  Cotton  Insect  Investigation  for  1880. 

Pliarea,  D.  L. — *'The  Cotton  Army  Worm  {Awnnis  xylinAt  Say)."  American  Entu 
mologist,  i,  p.  '242, 1869. 

[States  that  the  insect  hibernates  as  amot)^,  and  describes  the  egg.  Advoeates  hand-picl 
ing  if  it  can  be  done  by  concerted  action  on  the  part  of  the  planters.  Advisee  also  sngarin 
and  flres  in  Maj  «r  June.] 

Pharea,  D.  L. — "  The  Cotton  Caterpillar  (Anomis  xjflina)"  Lecture  delivered  bcfoi 
the  Farmers'  Club  of  Woodville,  Miss.,  May  4,  1869;  abstract  publislied  in  Run 
Carolinian,  i,pp.  6::$3, 695,  August ,  1870. 

[This  orticle  is  accompanied  by  a  fnll  page  lithograph  of  cotton-stalk  infested  by  larv; 

'  chrysalis  and  adnlt,  and  engravings  of  the  Cotton  Worm  (Anomis  xylina),  the  Boll  Wur 

(Heliothis  armigera),  and  the  Grass  Worm  {Laphyffma/ruffiptrda)  in  all  stages.    The  artic! 

has  the  following  beads :  History'.    Will  the  oaterpUlar  cause  cotton  oultarc  to  cease  t    Wb 

is  the  caterpillar  worse  some  years  f    Errors.    Proposed  modes  of  destroying.    Ii*ix>pagation. 

Philips,  M.  'W.— "  The  Cotton  Worm.'    Southern  Cultivator,  1«48,  p.  28. 
[Qiiit4>  an  extended  article,  giving  a  description  of  the  larva  and  chrysalis,  j 

Porter,  Qeo,  R.— ^Tropical  Agriculturist.     London,  1833. 

[On  p.  24,  in  spealting  of  cotton  in  Gniana,  he  copies  part  of  Cbisbolm's  article  on  the  ch§- 
niUt.] 
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" ChryBalis — Paris  Green — Professor  Riley — Cavalry — Infantry."    Selina.(Ala.) 
imes,  August  7, 1874. 

[Paris  green,  arseniouB  acid,  patent  pumps,  and  band-pioking  the  pnpn  diaouMed.] 

John  B.— Farming  for  Profit.     Philadelphia,  1880. 

[On  p.  285  speaks  of  Cotton  Caterpillar  and  advisee  the  use  of  Paris  green  with  precautions,  j 

W.  P. — **  Paris  Green  and  the  Cotton  Cat45i'pillar."     Rural  Carolinian,  Do- 
€^cniber,  1873. 

[A  short  note,  preliminary  in  its  nature  1 

TV.  P.— "The  Cotton  Caterpilhir  Again."    Rural  Carolinian,  v,  pp. 565, 560, 
1874. 

[The  cotton  worm  said  to  hibemato  in  the  chiysallh  state  under  leares,  Ac. ;  hence,  sa  a 
remedj',  burn  leaves  in  fall.    Also  gives  formula  for  use  of  Paris  green  in  solution.] 

,  C.  v.— "The  Corton  Army  Worm  (Jnomh  i^jUna^  Say)."    Second  Annual  Re- 
X>ort  on  the  Noxious,  Beneficial,  and  other  Insects  of  the  State  of  Missouri,  1870, 

l>p.  37-41. 

[An  account  of  the  habits  and  natural  history  of  the  inject,  with  popular  descriptions  of 
all  stages  and  figures  of  eggs,  larva,  chrysalis,  and  adult.] 

*3ri  C.  V. — "Remedy  for  the  Cotton  Army  Worm."    Pi-oceedings  of  the  National 
Agricultural  Congress ;  Indianapolis  meeting,  1873. 
[Urgently  advises  the  use  of  Paris  green.] 

ax  C.  V. — "Remedy  for  Cot. on  Worm."    Read  at  National  Agricultural  Con- 
l^iress,  Indianapolis,  1873.    (First  priated  in  Illustrated  Journal  of  Agrxoulture^  Saint 
Xiouis,  June,  1873;  copied  by  Rural  Worlds  Rural  Alabamian,  Mobile  Register ,  Farmer^ 
Advocate,  and  other  Southern  periodicals.) 
[Recommends  Paris  green.] 

ay,  C.  V.—"  A  Remedy  for  the  Cotton  Worm."    Vicksburg  Herald,  May  1,  1«74, 
<'rom  the  New  York  Tribune. 
[Paris  green.] 

,  C.  V. — "The  Cotton  Worm."    Sixth  Annual  Report  on  the  Noxious,  Benefi- 
cial, and  other  Insects  of  the  State  of  Missouri.     1874.     pp.  17-24. 

[This  article  has  the  following  heads:  Paris  gi'ecn ;  Patents  on  the  Paris  gre«m  mixture; 
Hibernation  of  the  insect ;  Natural  enemies ;  Range  of  the  insect ;  Other  questions.] 

fey,  C.  V. — **  Insects  affecting  the  Cotton  Plant."    Report  of  the  Commissioner  of 
Agriculture,  1878. 

[A  »hort  report  on  the  progress  made  in  the  Cotton  Ineectlnvestigation ;  embodies  a  report 
by  A.  R.  Grote.] 

^^*i^y,  C.  V.—"  Cotton  Worm."    Atlanta  Constituti<m,  September  8,  187a 

[Contains  first  published  suggestion  that  the  mothj*  feed  from  the  extra-floral  nectar 
glands.] 

^^^y,  C.  V. — "The  Migrations  and  Hibernation  oi  Aleiia  argillacea.^ 
[Read  before  1879  meeting  of  the  National  Academy  of  Sciences.] 
^^^tice  of  the  «aiii«.— Washington  World,  May  10,  1H79. 
-^"«H*ce  of  ike  same, — Science  News,  Ji^ne  1,  1879. 
"-^^•//ce  of  the  same. — Scientific  American,  Juno  14,  1879. 

[Reviews  the  different  hibernation  theoiies,  and  states  his  belief  in  the  hibernation  of  the 
moth  in  certain  sautht^rn  parts  of  the  Cotton  Belt.] 

^^^^«y,  C.  V.—"  The  Cotton  Worm."    Mobile  Register,  July  9,  1879. 

[Report  of  a  Icctnse  befoi-e  the  Cotton  Exchange,  in  which  mention  was  first  made  of  the 
relation  of  the  natural  enemies  to  the  wet-weather  abundance  and  dry-weather  scarcity  of. 
the  cotton  worm.] 

*^*^®y,  C.  V. — Review  of  National  Academy  paper.     American  Naturalist,  xiii,  p.  726, 
1«79. 

^^W,  C.  v.— "Parasites  of  the  Cotton  Worm."    Canadian  Entomologist,  xi,p.  161. 
^ptember,  1879. 

[Bctorfbea  Trichograwmaprstiosa  n.8p.,  OirrotfiUauKirsu  n.  sp.^anOLTacK\iiaQUJL\ia^>ti.v<d;\ 
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Riley,  C.  v.— <<The  Cotton  Worm  in  the  Unite<l  States."    ProceediDgs  of  the  Ameri- 
can Association  for  the  Advancement  of  Science,  xxviii.    Saratoga  meetini;,  1B79. 
[Brings  forward  Arguments  against  the  migration  theory  and  gives  reeent  dlseoreriee  made 
in  the  course  of  the  official  investigation.] 

Riley,  C.  V. — "  The  Cotton  Worm  in  the  United  States."  Abstract  of  a  paper  read  be- 
fore the  Saratoga  meeting  of  the  American  Association  for  the  Advancement  of 
Science.    American  Entomologist,  iii,  p.  93,  18B0. 
[Refates  Grote's  migration  theory.] 

Riley,  C.  V.— "The  Cotton  Worm."    Galveston  News,  October  24,  1879. 
[An  answer  to  W.  J.  Jones  and  to  the  charges  of  "  Investigator."] 

Riley,  C.  v.— "On  the  Hibernation  of  the  Coiton  Worm.''    From  advanee  sheets, 

Bulletin  3,  United  States  Entomological  Commission.    American  Entomologist, 

iii,  p.  6,  1880. 

[▲  long  article  favoring  the  hibernation  of  a  small  percentage  of  the  meihs  in  the  more 
southern  portions  of  the  Cotton  Belt.) 

Riley,  C.  V. — ''Two  valuable  Insectici<^e8.''    American  Entomologist,  iii,  p.  41,  1860. 
From  advance  sheets,  Balletin  3,  United  States  Entomological  Commission. 
[London  porple  and  Pyrethmm.] 

Riley,  C.  V.~''The  Cotton  Worm.''    Bnlletin  3,  United  States  Entomological  Com- 
mission.   Department  of  Interior.    Washington,  1880. 

[A  paper^sovered  volume  of  144  pp.,  one  colored  plate  and  many  wood-«nta.) 

Riley,  C.  V. — ''A  new  Genns  of  Proctrotmpidie."  American  Entomologist,  iii,  p.  52, 

1880. 

[Describes  JHdjfVtium  n.  g.,  zigzag  n.  sp.,  a  parasite  of  the  Cotton  Wenn.] 

Riley,  C.  v.— "Cotton  Caterpillars."    Selma  Times,  June  25, 1880. 

Riley,  C.  V. — ''How  to  manage  the  Cotton  Worm.  Snggestions  to  Cotton  Planters." 
Farmers'  Review,  July  8,  1880. 

Riley,  C.  V.— "The  Cotton  Worm."    American  Entomologist,  iii,  p.  (57,  1880. 
[From  Bnlletin  3,  United  States  Entomological  Commission.] 

Riley,  C.  V. — ''Sowing  Cotton  Seeds  in  hot  beds  and  transplanting  as  a  means  o^ 
preventing  injury  from  the  Cotton  Worm."  American  Entomologist,  iii,  p.  107,  ' 
1880. 

[Suggestion  disapproved  on  account  of  diiBcolty  of  transplanting  without  injury.] 

Riley,  C.  V. — "  Cotton  Cnltnre  and  the  Insects  injnring  the  plants  at  Bahia,  Brazil.^ 
American  Entomologist,  iii,  p.  128,  1880. 

[Contains  a  letter  fh>m  K.  A.  Edes,  United  States  Consul  at  Bahia.] 

Riley,  C.  v.— "  Early  appearance  of  the  Cotton  Worm."  American  Entomologist,  ii~  ^ 
p.  149,  1880. 

[Appearance  of  the  worms  in  1S80  noted  on  April  20  and  May  8.] 

Riley,  C.  V. — "Sprinklers  and  Atomizers."  American  Entomologist  iii,  p.  185-21  ^ 
1880. 

[Principally  extracted  ft-om  Bulletin  3,  United  States  Sntomologloal  Commiasion.  ] 

Riley,  C.  V. — "Supplementary  Instmctions  to  Agents  of  the  United  States  E&( 
mologioal  Commission."    American  Entomologist,  iii,  p.  218, 1880. 

Riley,  C.  V. — "The  Cotton  DestroyerH."    New  Orleans  Democrat,  September 
1880:  Selma  Times,  September  29,  1880. 

[A  long  letter  to  the  Democrat  with  the  subheads :    PrinetplM  ewtabUMhed  ;  Tht  hett 
§oni ;  London  purpU ;  Pyrtihrum ;  Oil* ;  Improved  appHano$»  /  Poisoning  from 
Early poiooning  J  Woafhor;  €kmclu9ion$.] 

Riley,  C.  V.r-"  Additional  Experiments  withPyrethrnm."    American  Entomolo^ 
iii,  p.  242,  1880. 

[An  account  of  experiments  upon  Cotton  Worms  made  by  Mr.  H.  G.  Hubbaid.] 

Riley,  C.  V. — "  Insecticides  now  in  nse  in  the  South  for  the  Protection  of  Cotter: 
American  Entomologist,  iii,  p.  245,  1880.    From  the  Scientific  American. 
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»y ,  C.  V. — "  Synonyms  of  Parasites ;  Mistakes  corrected.*'  American  Entomolo- 
gist, iii,  p.  293,  1880. 

(Staten  Didydium  iigzao—%  rapposed  cotton-worm  panwlte — to  be  »  Hexaplatta ;  also  snr- 
mtses  it  to  be  a  paraaite  of  Ph&ra  dteUa^  and  not  of  AlttLa  itself.] 

fyy,  C.  V. — Answers  to  Corrospondeuts  concerning  Cotton  Worm  inquiries;  also, 
tsmall  notes  there-anent.  American  Entomologist,  iii,  pp.  107, 108,  129,  154, 181, 
2^,205,206,228,278,  1860. 

5y,  C.  V. — *'  Cotton  Worms  and  Cicadas,  Professor  Stelle's  Logic."  Selma  Times, 
a  uly  19,  1881. 

[A.  eontroTeraial  answer  to  eertain  publications  of  Professor  Stelle's,  and  e«tpeciallj  to  that 
in  the  Mobile  Kegister  of  January  15, 1881.] 

»3r,  C.  V. — **  Hibernation  of  the  Cotton  Worm  Moth;  Ease  with  which  mistakes 
a&re  made.''    American  Naturalist,  xy  ,  p.  244,  March,  1881. 

[A  correspondent  mistakes  Leaeetnia  unipuncta  for  Atetia.] 
^^Ti  C.V. — *' Notes  on  North  American  Microgasters,  &c."    Transactions  of  the 
Academy  of  Science  of  Saint  Louis,  iv.  No.  2,  April  IC,  1881. 

[On  pp.  3,  11,  and  12  treats  of  ApanUUt  altUa.  a  new  species  parasitic  upon  the  Cott(in 
Worm.] 
a^Ti  C.  V. — "  Moths  Mistaken  for  Aletia."    America-n  Naturalist  xv,  p.  486.    Juno, 
m881. 

[  PUUyhypena  tcahra  and  Phoberia  eUomarig.  ] 

^7f  C.  V. — "  The  Cotton  Worm."  Address  of  Hon.  Geo.  B.  Loring,  and  other  Pio- 
^.'eedings  of  Cotton  Convention  held  at  Atlanta,  Ga.,  November  2, 1881.  Govern- 
^nent  Printing  Office.     1881. 

[A  lengthy  address  devoted  principally  to  a  description  of  improved  machinery  for  the  do* 
straction  of  the  worms.] 
^iport  of  same  address. — Atlanta  Constitution,  November  5,  1881. 

,  Thomas.— ^' Correspondence  relative  to  the  Insect  that  destroys  the  Cotton 
Plant."    Southern  Agriculturist,  i,  p. 203.     1828. 
aimpr. — Now  Harmony  Disseminator.     IS'M). 

«iiii/w. — Transactions  of  the  Agricnltural  Society  of  the  State  of  New  York,  1857. 
p.  883. 

}pr. — Say's  Entomology  of  North  America.     Ed.  Le  Conte,i.    pp.  369, 381,  1859. 
[Consists  of  a  letter  from  C.  W.  Capers  to  Thomas  Say,  transmitting  specimens  of  the  cot- 
ton worm,  and  Say 's  reply,  describing  the  insect  as  Nocttui  ^lina.] 

.warsi,  E.  A. — Colorado  Citizen,  September  9,  1879. 

[A  short  letter  defending  Professor  Riley  against  the  sharges  of  "Investigator."] 

wars,  E.  A.— "Report  of  E.  A.  Schwarz,  of  Washington,  D.  C."     Report  upon 
Cotton  Insects,  Department  of  Agriculture.  1879,  pp.  347-350. 

[An  acoount  of  Mr.  Sch ware's  trip  to  the  Bahamas  in  search  of  Aletia,  together  with  "£e- 
marks  on  the  Hibernation  of  Aletia."] 

.warz,  E.  A.— "Biological  Note  on  Eupleotrus  eomstoehii  Howard."    American  Nat- 
uralist, p.  61,  January,  1881. 

[Gives  habits  of  this  Cotton  Worm  parasite.  J 
-f^Hmpr. — Naturalists'  Leisure  Hour,  January,  1881. 

^^ientific  American.— ''A  Probable  Cure^for  Cotton  Worm."    October  26,  1878. 
[  Editorial  notice  of  the  discovery  by  Blley  that  the  moths  feed  on  the  foliar  glands.  ] 

^^abrook,  'WhitemarBh  B.  -  A  Memoir  on  the  Origin,  Cultivation,  and  Uses  of  Cot- 
ton,  from  the  Earliest  Ages  to  the  Present  Time,  with  Especial  Reference  to  the 
Sea  Island  Cotton  Plant,  including  the  Improvements  in  its  Cultivation,  and  the 
Preparation  of  the  Wool,  &c.,  in  Georgia  and  South  Carolina.  Read  before  the 
Agricultural  Society  of  St.  Johns,  Colleton,  November  13,  1843,  and  the  State 
Agricultural  Society  of  South  Carolina,  December  6,  1H43,  and  by  both  societies 
ordered  to  be  published.    Charleston,  l-'44. 

[On  pp.  42-45  is  a  short  historical  sicetch  of  the  "  caterpillar  (Noctiia  xyl'ma),  with  an  sc- 

eonnt  of  the  methods  nsed  in  Colleton  County  to  eztenniDate  thenv,  aV%Q  %ox&ft  Y«m«xV&\>LV*^\T^ 

the  natural  history  of  the  insect] 
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Beabrook.'W.B.— "The  CottoD  Caterpillar."   American  Farmer,  ii,  308.    1847.    From 

the  Charleston  Mercury. 

[States  that  be  does  not  believe  in  the  hibernation  of  the  motb.] 

Selma  Times.—'*  The  Cotton  Worm  Investigation."    Editorial  in  Selma  Times,  July 
21,  1880. 
Reimpr, — American  EntomologiHt,  iii,  p.  197(1880). 

Selma  Times.—*'  Hogs  as  Destroyers  of  the  Cotton  Caterpillar."    September,  1878. 

Southern  Cultivator.—** Cotton  Caterpillar."    1846,  p.  157. 

Southern  Cultivator. — **The  Cotton  Worm;  its  History,  Character,  Visitations,  Sec."* 
1847,  p.  137. 

[Editorial  answer  to  Br.  Gotham's  migration  theory.] 

Southern  Cultivator. — *'  De8troy*iug  the  Cotton  Moth."    viii,  p.  132, 1650. 
[Advocates  " sugaring"  for  the  moth  with  molasses  and  vinegar.] 

Southern  Cultivator.— **  The  Caterpillar.'*    1869,  p.  13. 
[Advocates  band-picking  as  the  only  tmre  remedy.] 

Southern  Cultivator.—**  The  Cotton  Worm.*'    18(i9.  p.  18. 
I  Advises  the  nseof  Dr.  Heard*s  motb-trap.] 

Spalding,  Thomas. — **The  Cotton  Caterpillar.'*    American  Farmer,  ii,  p.  283,  1847. 
From  the  Savannah  Republican. 

[Advocates  barning  all  rubbish  in  tbe  spring,  destroying  tbe  motbs  before  they  lay  their 
•«g»-) 
Stelle,  J.  Parish. — **  Sonthern  Notes.    The  Coming  Cotton  Worm."    American  Ento- 
mologist and  Botanist,  ii,  p.  124,  1870. 

[States  that  the  worm  is  always  worse  after  a  mild  winter.  Gives  differences  between 
"grass  worm  and  cotton  worm.**] 

Stelle,  J.  Parish.— **  The  Cotton  Caterpillar.'*    The  Rural  Alabamian,  i,  pp.  7S-^\ 
1872. 

[Arguments  to  prove  that  the  ravages  of  the  Cotton  Worm  are  worse  after  a  aerore  win- 
ter tban  a  mild  one.  A  description  of  tbe  motb  and  notes  upon  the  habits  of  tbe  worm. 
Hand-picking  and  fires  are  advised  as  remedies.] 

Stelle,  J.  P. — **The  Cotton  Caterpillar.    All  abont  how  to  save  the  Cotton  Crop.^' 
Mobile  Register,  July  5,  1873. 

[Gives  figures  of  the  insect  and  describes  all  stages,  with  a  short  account  of  habiti. 
Strongly  advises  the  use  of  Pads  green.  Quotes  fh>m  Kiley's  pnper  and  says  that  he  him 
self  tried  experiments  the  previous  year  with  the  poison.] 

Stelle,  J.  P.—**  That  Patent  on  Paris  Green."    Mobile  Weekly  Register,  Nov«?ml>er 
21,  1874. 

[Contains  a  lengthy  and  interesting  correspondence  between  J.  P.  Stelle  and  W.  B.  Sayall, 
relative  to  tbe  ground  oovere<l  by  Boyall's  patent.] 

Stelle,  J.  P.— ^*  The  Cotton  Caterpillar  and  how  to  combat  it  successfully. "    Rural 
Carolinian,  v,  pp.  511-515,  1874. 

[An  account  of  habits,  with  description  and  figures  of  tbe  insect  in  all  stagos.  Adviseii  tfa« 
use  of  Paris  green.    Gives  the  formula  for  the  Texas  Cotton  Worm  Destroyer.] 

Stelle,  J.  P. — *' Ants  V9.  Aletia  again."    American  Entomologist,  iii,  p.  251,  1880. 

Stelle,  J.  P. — **  Road  Dust  V9,  Cotton  Worms."    American  Entomologist,  iii,  p.  852, 
1880. 

Stelle.  J.  P.— "The  Cotton  Worm."    Southern  Farmers'  Monthly,  June,  1880. 

Stelle,  J.  P. — **To  save  the  Cotton."    Mobile  Register,  September  4,  1880. 
[Paris  green  and  London  purple,  a  long  editorial.] 

Stelle,  J.  P.—"  Cotton  Worms  in  Mexico."    Mobile  Register,  February  12,  1881. 

[Quotes  the  letters  of  8.  T.  Trowbridge,  United  States  Consul  at  Vera  Cms,  and  R.  ds  Z. 
Enriques  of  the  same  place :  and  quotes  Profeasor  Riley's  comments  in  the  AmeclMn  Xnta- 
mologis^] 
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Btelle,  J.  P.— "The  Cotton  Worm  Investigation."    Mobile  (weekly)  Register,  Janu- 
ary 15, 1881. 
/^H»j»/>r.— Southern  Farmers'  Monthly,  April,  1881. 
i^einrpr.— Galveston  News,  Augnst  4,  1881. 
[Sammaiy  ef  reeulto  oi  Commiaftioii  work.] 

BteUe,  J.  P.—"  Killing  Cotton  Worms.''    From  Mobile  RegUter.    Selma  Times,  July 
18, 1831. 

[A  long  article  with'  (be  fullowing  nabhcadu:  Our  natitf*  plants ;  Pyrtthrum;  London 
Purple ;  PariaOreen;  Artenie.} 

Stelle,  J.  P.— '*To  save  the  Cotton  Crop."    Galveston  News,  August  19,  1681. 
[London  purple.] 

lor,  P.  a.  a—**  A  Remedy  for  the  Caterpillar."    Southern  Cultivator,  1871,  p. 
:«5. 

[Advisee  the  use  of  arnenic  in  nolntion.} 

Jeornal  of  Commerce.—**  More  about  the  Cotton  Worm."    July  31,  1880. 

[Editorial  mention  of  letteni  from  Profeeaor  Biley,  and  qnotea  in  fnll  Cironlar  11,  United 
States  Entomolojpcal  Commiaeion.] 

r,  R. — Psyche,  ii,  p.  :f7,  May-June  [9  July],  1^77. 
[Says  that  Aletia  occurs  about  Nowtou,  Mans.,  rarely  at  light  in  September.] 

^Pi^elease,  "Wm.— **  Report  of  Wm.  Trelease,  of  Brooklyn,  N.  Y."    Report  upon  Cot- 
ton Insects,  Department  of  Agriculture,  1879,  pp.  361-379. 

[An  extended  discussion  of  the  natui-al  history  of  Aletia  and  Heliothis,  embo<lying  all  of 
his  observations  made  in  Alabama  in  th««  summer  of  1879.] 

Release,  'Wm.— Psyche,  ill,  p.  1H6,  March  [25  July],  1880. 

[Report  of  mi^eting  of  Cambridge  Entomological  Club,  in  which  Mr.  Trelease  stated  that 
the  moths  {AlUia)  stek  the  exfia-floral  glands  on  the  peduncle  of  the  s veet-potato  plant  for 
food] 

^^^"hridge,  S.  T.,  and  Enriquez,  R.  de  Z. — "  Interesting  Cotton  Worm  Notes  from 
Vera  Cruz."    American  Entomologist,  iii,  p.  179,.  1880. 

^^**^«r,  J.  A.— The  Cotton  Planters^  Manual.     New  York,  1857. 
[Quotes  Dr.  Gorham's  article.] 

^Pton,  Wheelock  S.— **The  Cotton  Caterpillar."    De  Bow's  Review,  ii,  p.  354, 

[Advises  soaking  seeds  of  cotton  in  a  solution  of  bluestone  as  a  preyentive.] 

'®>    Andrew. — ^History  of  the  Manufacture  of  Cotton.    London,  1836. 

[On  pages  156  and  174  of  vol.  i,  are  given  accounts  of  the  ehenUU  in  British  Ouiana,  and  on 
the  Sea  Islands  of  G«org]a  (short  and  of  little  value) .  | 

^iles,  B.  C.  1m, — **The  Cotton  Plant ;  its  Origin  and  Varieties,  and  its  Enemies  and 
X)isea8es.''  In  Wailes'  A;;riciilture  and  Greology  of  Mississippi,  first  report,  1854, 
l^p.  146-148. 

[A  short  sketch  of  the  Cotton  Worm,  which  he  calls  Depretsaria  gouypiUndu.  Advises,  as 
a  i^medy.  attracting  the  moth  by  fires.] 

^^ido,  J.  Curtia. — The  Cotton  Worm.  A  Treatise  on  the  Enemy  of  the  Great  Sta- 
V^le,  with  the  Practical  Experience  of  many  of  the  most  intelligent  Planters  of  the 
^uth  as  to  the  means  of  destroying  the  worm.    New  Orleans,  1878. 

[  Uutory  qf  the  Cotton  Worm  ;  How  they  look  ;  Preventivee ;  Jute  aa  a  preventive ;  Deetroyert 
o/the  CoOon  Worm.] 

^'^alah,  B.  D.,  and  Riley,  C.  V. — *'  Entomological  Ignorance  in  the  South."   American 
entomologist,  i,  pp.  14-16,  1868. 

[A  severe  criticism  of  an  article  then  going  the  rounds  of  the  Southern  press,  headed,  "  How 
to  destroy  the  Cotton  Worm— a  Sugfiestion."] 

'^^aUh,  B.  D.,  and  Riley.  C.  V.~"  Cotton  Insects.    The  Cotton  Army  Worm  (Koctua 
L^nomW]  xijlina.  Say)."    American  Entomologist,  i,  pp.  209-212,  1869. 

[An  account  of  the  transformations  of  the  Cotton  Worm,  with  figures  and  descriptions  of 
each  stage.  Hand-picking,  destroying  the  moths  by  fire,  and  sprinUiii^  thft  'yVvata  '^VV^ 
cretylio  soap  aolutioa,  are  advtaed  as  remediet.] 
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Walsh,  B.  D. — "  The  Three  So-called  Army  Worms."  Practical  Entomologi»^ 
p.  112,  1866. 

Wells. — Year  Book  of  Agriculture,  1855. 
(FlguTM  the  Cotton  Army  Worm.] 

Wetlierby,  A.  O.— Report  of  the  Proceedings  of  the  Entomological  Club  of  the  Aiz= 
lean  Association  for  the  Advancement  of  Scieuce.  Nashville  meeting^  1877.  tf 
nadian  Entomologist,  ix,  p.  172,  1877. 

[A  diMUMion  on  the  migration  theory,  by  Grote  and  others.] 

Willet,  J.  R— "Report  of  Prof.  J.  E.  Willet,  of  Macon,  Ga."    Report  upon  Cott^ 
Insects,  Department  of  Agriculture,  1879,  pp.  358-361. 
[Profeaaor  WiUet'a  report  of  obaervationa  during  1878.] 

Willet,  J.  E. — "Experiments  with  Teast  Ferment  on  Cotton  Worms.''  America 
Entomologist,  iii,  p.  289, 1880. 

Williams,  Wm.  HL— "  Why  the  Cotton  Worm  thrives  South."  Rural  New-Yorktf 
August  17,  1872. 

[Advisee  poisoned  mnakmelona  to  attract  moths.] 

Winfree,  P.— "The  Cotton  Caterpillar."    De  Bow's  Review,  iv,  p.  251,  1847. 
Feimpr, — De  Bow's  Industrial  Resources  of  the  Southern  and  Western  States,p.  17 
1852. 

[Uses  argnments  against  Dr.  Grorbam's  migration  theory.    Oives  personal  experienee  wi 
the  Cotton  Worm  in  the  Bahamas  a  few  years  previooa.] 

Witting,  Gfreo.— "  Capture  of  the  Cotton  Moth  in  January."  American  Entomologie 
iii,  p.  152,  1880. 

Toumans,  R  L. — ^'Investigating  the  Cotton  Worm.''  Popular  Science  Monthl 
xiv,  p.  406,  January,  1879. 

[Editorial  notiee  of  Mr.  Grote's  expedition  South,  and  explanatory  of  the  migration  tl 

ory.) 

"ZenoB."— **  The  Cotton  Caterpillar."    Southern  Cultivator,  1868,  p.  298.    . 

[An  account  of  the  nataraf  history  of  the  insect.     States  that  the  last  brood  winters, 
the  chrysalis  state,  nndergroond,  and  advises  winter  plowing.] 

Zimmerman,  J.  H. — '*  The  Cotton  Worm ;  its  Character,  Habits,  etc.''  American  C* 
ton  Planter,  August,  1855  (from  De  Bow's  Review). 

[Gives  an  account  of  the  metamorphoses  of  the  Cotton  Worm  and  BoU  Worm.    Adviwa 
remedies  rotation  of  crops  and  sngaring  for  the  moths.] 


CHAPTER    XV 


INSECTS  LIABLE  TO  BE  MISTAKEN  FOR  ALETIA. 

lu  the  course  of  the  Cotton  Worm  iuvestigatiou,  confuBion  has  many 

times  arisen  from  the  inability  of  observers,  not  practiced  entomologists, 

to  distingnisb  Aletia  from  a  nnmber  of  allied  Noctnids.    In  the  first 

^ition  of  this  work  the  ca^e  was  especially  mentioned  of  Aspila  virescensj 

the  pupse  of  which  were  plowed  up  in  large  numbers  and  mistaken  for 

Aletia.    Other  pnpse  of  allied  species  are  in  like  manner  often  mistaken 

^^r  those  of  the  Cotton  Worm.    There  are  a  number  of  Noctuid  moths 

^bich  have  been  frequently  sent  to  us  during  tjie  winter  as  true  Aletias 

^Qd  as  furnishing  proof  of  the  hibernation  of  this  last.    In  this  chapter 

^^  desire  to  illustrate  the  characters  of  the  most  important,  such  as 

^bose  already  mentioned  in  discussing  the  question  of  hibernation  (pp. 

•'"^ID),  and  to  give,  also,  the  life-histories  of  two  species  of  the  genus 

^^^Ofnis  which  so  much  resemble  Aletia  in  their  earlier  states  that  the 

'^'^practiced  eye  has  great  diflficulty  in  distinguishing  them.    One  of 

"^  species,  so  frequently  mistaken  for  Aletia  in  its  pupa  and  imago 

**^te8,  is  the  Boll  Worm  moth  (Heliothis  armigera  Hiibn.),  but  as  this 

%  ^P^cies  is  considered  at  length  in  Chapter  XVI  of  this  report,  we  need 

**ot  refer  to  it  more  fully  in  the  present  chapter.    The  other  species 

^  ^ieh  we  shall  consider  in  this  connection  are:  Anomis  erosa^  A.  excuita^ 

'Canta  unipuncta^  Aspila  virescens^  Drasieria  erechteaj  Laphygmafrugi- 

(,  Platyhypena  scabra^  and  Plioberia  atomaris, 

Anomis  erosa  Hubner. 

[Plate  II,  Figs.  1,  3,  3] 

"He  following  account  of  this  species  was  published  in  our  annual  re- 
^^T^t  as  Entomologist  of  the  Department  of  Agriculture  for  1881-'82,  and 
RiVes  in  suflSciently  condensed  form  the  facts  which  we  wish  to  use  here, 
^-^tailed  figures  of  all  states  are  there  given  in  wood-cut: 

'*0f  the  numerous  insects,  the  history  of  which  we  have  traced  in  the 

^^st>few  years,  one  species  of  considerable  interest  may  here  be  recorded ; 

^or  it  is  not  only  interesting  on  account  of  its  occurrence  upon  a  tiber-pro- 

^ucingplant,  which  some  day  may  prove  of  considerable  importance,  but 

^Isoon  account  of  its  relations  to  the  Cotton  Worm  (Ahtia  xylina)^  for 

^Wch  it  might  easily  be  mistaken  in  its  earliest  stages. 
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*^The  species  under  consideration  appears  to  be  quite  generally  dis 
tributed  over  most  of  the  Gulf  States  wherever  its  food-plant  ( Uren* 
lobata)y  and  possibly  other  nearly  related  plants,  are  found  growing. 

"The  belief  that  the  eggs  of  the  species  now  under  consideration  wer 
those  of  Aletia  was  strengthened  in  the  minds  of  those  who  first  foun< 
them  by  the  inference  that  after  the  disappearance  of  cotton,  Al%ti 
would  have  to  search  for  other  suitable  plants  to  sustain  its  offsprinj 
until  new  cotton  should  commence  to  grow  the  following  spring ;  but,  s 
far,  neither  its  eggs  nor  its  larvse  have  ever  been  discovered  upon  an; 
other  plant  than  cotton. 

"  The  eggs  of  this  Anomis,  which  so  far  have  been  found  only  on  th 
leaves  of  Ureua,  appear,  if  examined  with  a  common  hand-lens,  to  b 
structurally  indistinguishable  from  those  of  Aletia,  and  were  sent  to  tb 
Department  from  Florida  by  Dr.  J.  C.  Neal,  with  the  assurance  that  the; 
really  belonged  to  that  insect,  and  that  its  winter  food-plant  was  di< 
covered.  An  examination  under  the  microscope,  however,  showed  coi 
siderable  differences,  notwithstanding  the  great  similarity  in  size  an< 
sculpture.  The  color  is,  moreover,  paler,  and  not  of  the  peculiar  bright 
green  characteristic  of  Aletia,  and  it  is  by  this  character  that  the  egg  o 
the  Anomis  may  be  distinguished  from  the  other,  when  fresh,  by  the  ord: 
nary  observer. 

"The  radial  ridges  are  more  numerous,  ranging  between  35  and  41 
and  the  transverse  ribs  from  12  to  14.  The  radiating  ribs  of  the  Alet5 
iigg  are  considerably  rounded,  with  the  spaces  between  them  rath« 
narrow,  appearing  like  deeply-impressed  strise,  while  the  ribs  of  th 
AnomLs  egg  are  sharp  and  triangular  if  viewed  from  above,  with  tk 
spaces  between  them  shallower  and  broader.  The  intersection  of  tl 
transverse  with  the  radial  ribs  of  Aletia  are  not  sharp,  and  are  on ' 
marked  by  low,  rounded  elevations.  Anolher  quite  marked  feature 
the  eggs  of  Aletia  is  the  arrangement  of  the  radial  ribs  in  five  group 
connected  with  each  other  by  an  elevated  ridge  which  forms  around  t^ 
center  a  large  pentangular  cell,  into  each  angle  of  which  one  of  tl 
radial  ribs  terminates,  the  other  ribs  between  them  being  somewb. 
shorter  and  connected  by  the  terminal  transverse  rib.  This  arrang 
ment  is  quite  noticeable  in  fresh  eggs,  but  still  more  in  dry  ones.  Tl 
radial  ribs  in  this  Anomis,  however,  are  not  arranged  in  separ^i 
groups,  and  the  longest  ones  surround  the  center  in  a  perfect  circle  i^'i 
out  terminating  in  a  circum-centrai  rib. 

"  This  Ureua  Anomis  is  exclusively  a  Southern  species,  and  it  o^ 
tinues  breeding  with  scarcely  any  intermission  throughout  the  wh.^ 
year.  Moths  have  been  captured  in  various  parts  of  the  South  fr^ 
August,  throughout  the  winter,  till  May,  and  the  eggs  and  larvae  of  c3 
ferent  sizes  are  found  in  Florida  throughout  the  winter. 

"  The  general  habits  of  the  larvsB  are  quite  similar  to  those  of  A^ 
tia,  though  as  a  rule  the  Anomis  larvae  are  less  active,  especially  Skft 
they  have  attained  one-half  their  growth.    Th€f  newly-hatched  lar^ 
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Jmost  indistiDgoishable  from  those  of  Aletia,  both  beiug  of  tbe 
size  and  of  tbe  same  pale  color.  The  former  may,  however,  be  at 
recognized  by  the  first  and  second  paka  of  prolegs  beiug  entirely 
ete,  whereas,  notwithstanding  their  minate  size,  the  second  pair 
rays  present  in  Aletia.  In  this  stage  the  larvae  are  most  active 
lervoos^  and  are  usually  found  feeding  on  the  lower  side  of  the 
ij  which  they  resemble  so  much  in  color  that  it  is  difficult  to  detect 
when  at  rest. 

hey  stretch  to  their  fullest  length  when  resting,  but  very  often 
)e  seen  in  a  position  similar  to  that  of  the  larvse  of  Oeometrids, 
ill  then,  if  disturbed,  leap  from  their  hold  and  hang  suspended  by 
»d,  which,  after  a  short  rest,  they  will  climb  with  great  rapidity, 
lode  of  climbing  is  very  interesting.  The  head  is  suddenly  bent 
(fard,  first  to  one  side  and  then  to  the  other,  and  each  time  the 
1  is  grasi>ed  with  the  thoracic  legs  when  the  head  is  lowest.  Grow- 
irger,  they  become  more  and  more  sluggish,  and  can  seldom  be 
3d  to  spin,  but  usually  hold  to  the  leaf  very  tenaciously,  so  that 
force  is  needed  to  remove  them.  If  disturbed  they  will  try  to 
)  in  a  looping  gait  which  is  similar  to  that  of  Aletia.  The  full- 
1  larvse  usually  assume  a  very  peculiar  position  when  at  rest.  The 
8  bent  at  about  the  middle  in  such  a  way  that  both  halves  lie  close 
h  'other  so  as  to  form  a  long  and  narrow  loop,  and  the  larva  re- 
in this  position  sometimes  for  hours. 

le  principal  time  of  feeding,  as  observed  in  the  vivarium,  appears 
it  night,  and  the  larva  usually  rests  during  the  day  on  the  lower 
fthe  leaves.  The  smaller  larvse  eat  only  the  softer  parts,  leaving 
)s  untouched,  but  the  older  ones  gnaw  large  irregular  portions 
he  e^lge  of  the  leaves,  and  will  often  consume  two-thirds  of  a  leaf 
Dgle  night.  They  also  have  the  habit  of  devouring  their  own  cast 
sometimes  not  even  leaving  the  head,  and  the  newly-hatched 
1  will  frequently  feed  ui)ou  the  empty  eggshells  before  attacking 
kf.  We  have  in  one  instance,  however,  observed  a  young  larva 
had  only  partly  issued  from  the  egg  already  at  work  gnawing 
if. 

March  last  [1882]  we  still  found  the  larvae  of  all  sizes  on  the 
around  Crescent  City,  Fla.,  but  failed  to  find  any  trace  of  them 
^  other  plant.  This  has  also  been  the  experience  of  Messrs.  Neal 
abbard,  who  were  instructed  to  make  observations  on  this  point. 
le  moth  (Plate  II,  Fig.  3)  was  first  figured  by  Hubner  (Zutr.,  287, 
^nd  is  fully  described  under  tbe  name  of  Coismophila  erosUj^  by 
e,  who  describes  the  larva  in  a  few  words  and  gives  its  food  plant 
discus.  It  occurG  in  South  America,  the  specimens  from  Brazil 
darker  and  brighter  than  ours,  according  to  Ouen^e.  The  many 
lens  we  have  bred  and  captured  show  comparatively  little  varia- 
The  color  of  the  basal  half  of  the  front  wing  is  bright  yellow, 

*Huft  Gen.  d.  Ids.  L6p,,  Noctu^Iites,  II,  p.  39G. 
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speckled  more  or  less  intensely  with  fermginons  or  brown.  The  ] 
terior  half  is  deeper,  with  olivaceoas  and  brown  shades,  and  with  n 
or  less  of  lilaceous.  The  hind  wings  are  dall-yellowish,  more  or 
shaded  with  reddish  brown.  The  markings  are  withal  so  aniqne 
shown  in  the  figure,  that  the  species  cannot  .well  be  confoanded  \ 
any  other. 

'^Daring  winter  the  time  elapsing  from  hatching  to  maturity 
averaged,  in  our  vivaria,  about  seven  weeks,  but  development  will 
much  more  rapid  during  summer. 

^^  Should  the  Urena  ever  be  cultivated  for  its  fiber,  this  its  chief  en( 
will  readily  bo  destroyed  by  the  same  methods  recommended  against 
Cotton  Worm. 

'•descriptive. 

'' Anomis  erosa,  Hub. — ^^^..— Diameter  0.8™°^,  circular,  flat  below ;  the  upper 
face  varies  Homewhat  in  convexity,  in  some  being  almost  hemispherical,  whilst  i 
others  it  is  quite  flat,  in  general  shape  and  size  reminding  one  of  the  egg  of  A 
xylina.    Color,  pale  yellowish-green,  almost  of  the  same  shade  as  the  lower  side  of 
leaves.    The  number  of  ribs  which  run  from  the  base  toward  the  summit  varie 
different  eggs  from  31  to  38.    Of  these  ribs  from  11  to  13  reach  to  about  one-foi 
the  distance  above  the  base,  5  to  7  half  way  toward  the  summit,  and  16  to  18  to  i 
the  summit.    The  space  between  these  ribs  is  divided  quite  constantly  by  12 
transverse  ribs,  which  at  the  intersection  with  the  radiating  ribs  form  a  small  tbo 
quite  sharp  triangular  point,  which  is  especially  conspicuous  in  the  empty  egg. 
spaces  between  these  ribs  form  shallow,  squarish  depressions,  which  are  finely  g\ 
ulated.    The  summit  is  almost  smooth,  surrounded  with  three  series  of  small,  roc 
ish  cells,  whiish  become  larger  away  from  the  center,  and  beyond  these  another  se 
of  three  rows  of  larg^  cells  of  different  shapes,  though  more  or  less  squarish. 

**  Larva  (Plate  11,  Fig.  1). — First  stage, — Length  of  the  newly -hatched  larva,  2 
Color  very  pale  greenish-yellow  along  the  dorsum,  white  and  transparent  tKiward 
sides;  head  pale  yellowish,  without  any  markings;  eyes  black,  tips  of  mandi' 
brown.  Antennae  short,  3-jointed ;  first  Joint  stout,  very  short  and  somewhat  coni 
second  joint  longest,  clavate,  its  tip  obliquely  truncate  externally,  bearing  at  ic 
and  outer  angles  a  stout  spine,  which  is  a  little  longer  than  the  third  joint ;  tl 
joint  shorter  than  second,  cylindrical,  with  a  small  tubercle  at  tip,  resembling  a  foi 
Joint,  and  provided  at  its  tip  with  a  fine  hair ;  at  the  inner  side  of  the  third  joini 
base  of  the  apical  tubercles,  arises  a  stout  spine  which  is  almost  as  long  as  the  j 
itself.  Piliferous  warts,  pale  brownish,  each  bearing  a  long  and  slender  *pale  t 
Legs  rather  long,  white ;  only  two  pairs  of  abdominal  prolegs,  situated  on  Join 
and  9. 

"  Second  stage. — The  first  molt  takes  place  seven  or  eight  days  after  hatching 
this  time  the  larvae  differ  from  the  newly-hat«hed  specimens  only  in  the  somevi 
larger  size  and  slightly  darker  color. 

**  Tliird  stage. — In  from  six  t<o  seven  days  the  second  skin  is  cast,  and  with  thisi 
appears  the  third  pair  of  abdominal  legs  on  joint  7.  They  are,  however,  extren 
small  and  scarcely  noticeable;  they  are  not  used  in  walking.  The  color  now  i 
darker  green,  lighter  toward  the  sides,  and  with  a  pair  of  rather  indistinct  whit 
dorsal  stripes.  Head  highly  polished,  pale,  faintly  greenish,  with  two  pale,  duf 
oblique  stripes.  Cervical  shield  slightly  dusky,  with  a  darker  posterior  marg 
Piliferous  warts  black,  the  hairs  colorless.  The  abdominal  legs  are  marked  externa 
with  a  broad  dusky  stripe. 

** Fourth  stage, — The  third  skin  is  cast  six  or  seven  days  after  the  second  molt.    T 
hurra  is  uow  almost  of  the  color  of  the  leaves,  and  measures  about  14™™  in  leogl 
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Tb«  oiduMiy  lines  appear,  the  m«dio-dorsal  and  tlie  someirbat  watj  sopra-stignui- 
tal  <itfker  than  the  rest  of  the  body ;  the  sobdorsal  and  traovieree  satores  white. 
Tli€»  pn>]eg8  on  abdominal  joint  7  are  now  qnite  distinct,  tboagb  rather  small,  and  are 
n^ed  io  walking. 

^*JF\flk  stage, — ^The  foorth  skin  is  cast  three  to  Ave  days  later,  the  larrae  having 
elaai^Bged  very  little  in  appearance,  except  that  the  di^rsal  and  lateral  lines  and  the 
pilLfeons  warts  are  distinctly  dnsky. 

*  *^ix(h  stage. — Five  or  six  days  later  the  fifth  skin  is  shed,  and  the  larva  does  not 
claajige  in  appearance. 

*'&vemtk  stage. — ^The  sixth  molt  takes  place  abont  five  days  after  the  fifth,  and  the 
wlaole  appearance  of  the  insect  is  coDsiderably  changed.    The  color  is  pale,  transln- 
c^xa^  pea-green.    The  head  Is  not  polished,  of  the  color  of  the  body  ;  the  two  oblique 
d  osky  stripes  are  composed  of  several  irrega  lar  spots ;  the  labmm  is  white,  antenne  pale 
greeoiuh,  and  the  eyes  black.    The  medio-dorsal  and  snbdorsal  lines  are  composed  of 
aomerons  irregnlai  spots  of  a  lemon-yellow  color,  the  former  with  a  more  or  less  dis- 
tioct  dusky  shade  on  either  side ;  the  snpra-stigmatal  line  is  quite  broad  and  almost 
wl&ite,  and  is  also  relieved  by  a  dusky  shade.    Piliferoos  warts  pale  yellow,  surrounded 
\yw  transversely  oval,  indistinct,  dn»ky  rings.    The  whole  body  is  speckled  with  nn- 
naeiOQs,  usually  transversely  oval,  small,  lemon-yellow  spots,  which  indoee  from  two 
to  three  almost  colorless,  glistening,  ronnd  dots.    Stigmata  orange.    Legs  pale  green: 
flaws  and  booklets  pale  brown ;  venter  bluish-green. 
*' Length  of  full-grown  larva  about  3&n»  (1|  inches). 

**P«^.— (Plate  II,  Fig.  2.)— Length,  15™».  Color,  blackish-brown;  wing-sheaths 
o\>aqae,  the  remaining  portion  faintly  polished.  Front  of  head  prolouged  into  a  short, 
Mont,  conical  projection ;  near  its  base  ventrally  are  two  fine  ami  quite  long  hairs 
snd  two  similar  pairs  dorsally  near  insertion  of  antennie.  Eyes  prominent  and-oon- 
oiderably  polished.  Legs  reaching  to  tip  of  wing-cases ;  antennse  shorter.  Median 
line  of  protkorax  qnite  sharp  and  carinale,  median  line  of  mesot borax  faintly  ele- 
vated, somewhat  polished.  The  whole  anterior  portion  of  body  finely  and  closely 
S^nuUted.  Metathorax  and  the  three  following  abdominal  joints,  with  nnmer- 
<^n9  shallow,  circular  deprpssions,  each  having  a  central  granule.  The  circular  de- 
pressions on  abdominal  joints  4-6  are  somewhat  larger  and  their  margin  is  slightly 
*^l«vated;  the  posterior  third  of  joints  4-6  is  of  a  lighter  color  than  the  rest  of  the 
^y  &nd  very  closely  and  quite  coarsely  granulated,  while  the  posterior  third  of  ab- 
dominal Joints  7  and  8  is  polished  and  not  granulated.  The  last  joint  is  very  pecu- 
liarly formed ;  its  tip  is  broad  and  prolonged  each  side  into  a  short,  stout,  and  sharp 
^|H>th  directed  forward,  and  between  these  two  is  a  pair  of  slender  and  also  bristle- 
"^e  spines,  directed  forward  and  with  their  tips  curved  in  the  shape  of  a  loop ;  au- 
other  pair  of  similar  bristle-like  spines,  which  are  directed  forward  and  inward,  are 
**^^sted,  one  at  each  side,  on  a  small  projection  at  the  base  ventrally  of  the  stout 
^^ril  teeth,  and  between  these  is  a  large  projection  which  is  armed  at  its  edge  with 
^^0  large,  stout,  claw-like  teeth,  which  stand  at  right  angles  to  the  body  of  the  pupa, 
^he  anal  swelling  is  smooth,  circular,  and  qnite  prominent ;  the  remaining  portions 
^^  the  tip  are  marked  with  coarse,  elevated  ridges,  both  dorsally  and  ventrally.'-' 

The  opinion  expressed  above  that  this  is  exclusively  a  Southern  8pe- 
^1^8  is  to  be  modified  somewhat  by  the  finding  of  the  eggs  and  larvsB 
^^ite  abundantly  in  September,  1882,  on  Ahutilon  avicennw  at  several 
localities  in  the  District  of  Columbia.  On  September  21,  the  largest 
larva  was  nearly  an  inch  long,  and  on  October  3  it  spun  up  and  trans- 
formed to  pupa.  The  first  moth  issued  October  16,  and  on  October  16 
^veral  moths  were  captured  at  sugar.  On  October  22,  quite  a  large 
dumber  of  larv®  of  all  sizes,  from  those  just  hatched,  to  the  nearly 
falLgrown  individuals,  were  found  feeding  on  the  same  plant  at  Ivy 
City,D.  0.,  and  October  25,  eggs  and  young  larvn  wwe  iovmdL  Q\i\2Ki^ 
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leaves  of  Malva  rotundifolia  at  Giesborongh  Point,  D.  C.  The  moths 
from  these  larvse  began  issuiBg  December  1,  and  more  than  a  dozen 
had  made  their  appearance  by  Dec.  4. 

ANOHIS  TEXAN  a  n,  sp.  . 

[Plate  II,  Figs.  4, 5,  6.] 

Another  species  of  the  genus  Anomis,  determined  by  Mr.  A.  B.  Grota 
as  A.  exacta  Hiibn.  (and  so  marked  on  our  plate  II),  but  which  is  real! 
quite  distinct  from  that  species  ^^  occurs  in  parts  of  the  South. 
exacta  is  one  of  the  so  called  West  Indian  forms  of  the  genus,  and  a 
pears  in  the  British  Museum  Catalogue  from  Santo  Domingo,  Yen 
zuela,  and  Para,  but  does  not  occur,  so  far  as  we  know,  in  the  Uni 
States.    The  species  under  consideration  hitherto  confounded  with  L 
occurs  in  Texas  and  we  have  described  it  as  Anomis  texana.    In  I 
summer  and  fall  of  1878,  a  number  of  pupae  and  one  larva  were 
lected  by  Judge  William  J.  Jones,  then  one  of  our  field  agents,  at  V 

• 

ginia  Point,  near  Galveston,  Tex.  Most  of  these  were  reared  to  t 
adult  state.  The  larvae  and  pupae  are  strikingly  like  those  of  AletK.  si 
but  careful  observation  will  enable  one  to  distinguish  them.  Themo^l 
can  be  distinguished  at  a  glance. 

The  full  grown  larva  (Plate  II,  Fig.  4)  seems  precisely  like  Aletiastru^i^t: 
urally  even  to  the  minutest  dots  on  the  head  and  the  position  of 
piliferous  spots;  but  in  reality  it  differs  in  lacking  the, first  pair  of  p 
legs,  which  are  not  only  atrophied  but  entirely  aborted.  It  is  dist^ 
guished  by  the  more  confused  and  mottled  coloration  j  the  medio-dora^^* 
line  is  more  broken  and  is  illy  defined ;  the  dorsum  proper  is  more 
gated  with  olivaceous;  the  subdorsal  and  supra-stigmatal  lines 
also  less  distinctly  defined  and  are  narrower  and  more  broken,  'd^^ 
stigmatal  region  is  more  mottled  with  pale  and  dark  olivaceous,  vergi  <^  ^ 
upon  ferruginous,  and  the  piliferous  spots  are  not  relieved  by  the 
bold  white  annulus ;  the  stigmata  have  a  narrower  black  border, 
the  black  spots  of  head  and  anal  shield  are  smaller,  while  the  reticul^*^^ 
veining  of  the  head  is  of  a  deeper  brown.  The  fiont  pair  of  abdomi  n 
legs,  as  just  stated,  is  aborted,  with  no  trace  of  booklets. 

In  structural  characters  the  pupa  (Plate  II,  Fig.  5)  seems  identi 
with  Aletia.    It  may  be  distinguished  by  the  fact  that  it  is  somewta 
smaller,  darker  in  color,  not  so  glossy  as  Aletia,  and  is  somewhat  m 
coarsely  granulated. 

The  moth  (Plate  II,  Figs.  6,  6a)  is  well  represented  on  the  plate 
will  require  no  extended  description. 

Leucania  unipuncta  Ha  worth. 

[  Plate  V.J 

This  insect,  well  known  in  this  country  in  its  larva  state  as  t'be 
'♦  J^ortbern  Army  Worm,"  has,  first  and  last,  occasioned  a  great  deal  «^ 
discussion  and  even  controvet^j  *\u  3t%tvc.xA\x«^V  T^^otta  and  jooma^^ 
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)r  the  last  twenty-five  years.  The  most  receut  as  well  as  the  most 
}mplete  account  of  the  species  forms  our  Chapter  VI  of  the  Third  Re- 
ortof  the  Commission,  and  in  this  connection  it  is  unnecessary  to  re- 
eat  the  details  there  given.  The  reader  is,  rather,  referred  to  Plate 
,  where  the  general  appeamnce  of  the  insect  in  its  different  states  is 
ell  illastrated. 

The  species  is  one  of  very  wide  range.  It  is  found  in  its  greatest 
boDdauce  in  temperate  North  America,  but  is  also  common  in  northern 
oath  America,  India,  Java,  Australia,  New  Zealand,  and  has  been 
iptared  on  the  island  of  Madeira,  on  the  Isle  of  Wight,  and  at  Lewes, 
outh  England.  It  is  found  throughout  the  United  States,  but  is  in- 
irionsly  abundant  at  intervals  principally  in  the  more  northern  and 
iistern  portions. 

The  eggs  (Plate  V,  Fig.  1)  are  secreted  at  the  bases  of  cereal  plants,  in 
be  folds  of  grass  blades,  and  in  the  sheaths  surrounding  the  stalks.  They 
rensnally  laid  in  strings  of  from  fifteen  to  twenty,  and  each  female  moth 
iay  deposit  as  many  as  seven  hundred  or  more.  The  eggs  are  laid 
lore  abundantly,  and  the  larvae  consequently  ai)i>ear  more  abundantly, 
1  the  vicinity  of  old  fodder-stacks  or  in  spots  where  the  grass  grows 
inker  or  in  tufts.  The  worms  (Plate  V,  Figs.  2,  3,  4,  5)  normally 
ied  in  a  more  or  less  concealed  manner  on  the  grasses  or  grains,  and 
1  seasons  of  exceptional  dryness  sometimes  appear  in  enormous  num- 
ere  and  march  from  one  field  to  another  in  immense  armies.  They 
upate  under  ground  (Plate  V,  Fig.  7). 

There  are  three  broods  annually  in  northern  Illinois,  and  possibly  or 
xceptionally  four,  and  this  same  number  will  probably  hold  for  all 
oints  between  the  Ohio  River  and  the  great  lakes,  and  north  to  cen- 
ral  New  York.  Further  south  the  number  increases,  and  in  winters  of 
xceptional  mildness  the  development  of  ihe  insect  is  not  checked  for 
^y  length  of  time,  and  its  growth  is  only  somewhat  retarded.  Thus 
t  Washington,  in  the  calendar  year  1882,  there  were  five  generations. 
The  insect  hibernates  at  the  North  normally  in  the  condition  of  a  half- 
70WQ  larva,  and  at  the  South  normally  in  that  condition  and  as  a  moth. 
tisin  this  latter  state  that  it  has  frequently  been  captured  and  sent 
^Qsas  Aletia,  the  general  coloration  adding  much  to  the  resemblance. 

ASPILA  viKESCENS  (Fabr.).* 

[Plate  LXII,  Fig.  4.] 

This  species  is  not  uncommon  throughout  the  Southern  States,  and 
^  been  mistaken  for  Aletia  only  in  its  pupa  state,  and  it  is  in  this 
^'Jdition  alone  that  any  resemblance  between  the  two  species  is  observ- 

This  isqnoted  from  the  Wet»t  Indies,  but  we  believe  it  to  be  the  same  as  that  which 
®Ur  Lists  is  given  as  Chloridea  rhexiwy  and  which  J.  B.  Smith,  in  his  Revision  of  the 
'liothinaj  (Trans.  Am.  Ent.  Soc,  x,  p.  220),  places  in  Heliothis.  From  notes  made  at 
^British  Masenm  and  from  a  series  of  specimens,  including  three  from  Brazil  and 
^48,  we  conclade  that  rhexi<ie  is  synonymous  with  virescens,  the  variation  between 
^  not  being  specific  ^^ 
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cible.  We  have  already  mentioued  (p.  17)  an  instance  in  which  th 
plowing  op  of  a  number  of  the  pupae  of  this  species  was  considered  al 
solute  evidence  of  the  underground  hibernation  of  Aletia,  and  indee 
to  separate  the  two  species  in  this  state  requires  a  trained  eye.  In  gei 
oral  appearance  the  pupa  of  rliexi^i  is  lighter  in  color  and  has  a  bluntc 
anal  extremity  than  that  of  Aletia.  The  chief  distinguishing  charactc 
can  be  readily  seen  with  a  hand  lens,  and  consists  of  two  long,  slendc 
thorns  projecting  from  the  anal  end  of  the  body  and  converging  unt 
their  points  meet. 

The  lar\'a  feeds  upon  Solanaceous  plants,  and  we  have  bred  it  froi 
Solavnm  seiglinge  and  Physalitt  viscosa  at  Saint  Louis,  where  the  forme 
])lant  is  very  rare.  A  description  of  the  larva  is  given  in  Note  16.  Th 
moth  is  smaller  than  Aletia,  and  has  olivaceous  front  wings  crossed  b 
three  light  bands,  each  relieved  by  a  dark  greenish  shade  on  its  oat< 
order;  the  hind  wings  are  silvery  white,  slightly  tipped  with  dusky, 

Drasteria  ereghtea  (Cramer). 
[Plate  LXn,  Fig.  5.] 

This  common  moth  is  indigenous  to  North  America.  It  is  found  fro 
Uudson's  Bay  to  the  Gulf  of  Mexico,  and  west  to  California.  In  t] 
British  Museum  Catalogue  it  is  stated  that  the  Hudson's  Bay  sijecimei 
are  hardly  more  than  half  the  size  of  those  from  New  York,  and  M 
Grote  {Canadian  Entomologist^  VII,  p.  48)  states  that  while  the  Californf 
specimens  agree  with  the  typical  form  from  the  East,  they  are  largei 
There  is  also  a  seasonal  difference  in  size,  and  we  already  remarked  ii 
1869  {American  Untomologist^  I,  p.  206),  "  We  have  observed  that  th< 
spring  brood  of  this  insect  are  always  several  sizes  smaller  than  tbt 
autumnal  brood,  and  at  one  time  we  supposed  the  two  forms  to  beloo] 
to  distinct  species."  We  have  since  abu  ndantly  verified  the  fact  of  th 
generally  smaller  size  of  the  vernal  as  compared  with  the  autumna 
forms,  and  it  has  been  recognized  also  by  others  (see  Packard,  PapilU, 
II,  pp.  147-148).  Eggs  obtained  by  us  from  a  large  female,  October  1-* 
1881,  hatched  October  31,  and  the  moths  issued  from  January  9  to  Apr 
30,  1882,  all  being  of  the  smaller  size.  The  colorational  variation  occui 
in  all  broods  and  is  so  great  as  to  have  given  rise  to  some  eight  diffe 
ent  synonyms. 

While  the  larvae  of  this  moth  have  never  occurred  in  what  may  I 
y ailed  injurious  numbers,  yet  feeding  as  they  do  on  grass  and  clove 
they  occasion  a  constant  drain  upon  forage  crops.  In  one  instance  the 
have  l)een  sent  to  us  as  feeding  on  Cottonwood  (Colmnn^s  Rural  Warl 
January  26^  1876).  The  adult  is  familiar  to  almost  everyone  who  ht 
traversed  a  meadow  as  the  little  darting  moth  which  often  flies  up  bi 
fore  one,  dropping  a  few  yards  away  and  concealing  itself  at  the  bas 
of  some  clump  of  grass.  In  the  Northern  States  there  are  two  annm 
generations,  and  the  insect  hibernates  as  a  pupa.    In  the  middle  lat 
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ludes,  as  at  Washington,  and  Saint  Loais,  there  are  three  generations, 
the  species  hibernating  both  as  larva  and  imago,  while  in  the  Soath  the 
motbsare  abandantly  foand  during  the  winter  months,  and  are  fre- 
QQentJy  mistaken  for  Aletia.  The  species  will  be  readily  recognized 
from  tbe  accompanying  figures  (Plate  LXU,  Fig.  5e,/),  which  show,  also, 
the  variation  which  we  have  obtained  from  the  same  batch  of  larvae. 
We  first  reared  this  species  from  the  larva  in  1872,  and  have  frequently 
obtaiDed  eggs  laid  in  confinement  by  captured  females.  They  are  de- 
posited on  grass  leaves  and  upon  the  surface  of  the  ground  in  the  breed- 
ing cages,  as  well  as  upon  the  muslin  covering  tbe  smaller  breeding 
jars.  One  female  was  observed  to  deposit  112  eggs.  The  newly  hatched 
larvae  are  pale  greenish-yellow  in  color  and  are  very  active,  moving  with 
a  looping  gait.  The  full-grown  larvae  are  grayish-yellow,  marked  with 
two  broad,  blackish,  somewhat  interrupted  dorsal  stripes..  They  are 
described  by  William  Saunders  in  the  Canadian  Entomologist  for  June, 
1875.  Of  the  eggs  and  pupae,  which  have  not  previously  been  carefully 
described,  we  submit  descriptions  in  the  notes.*" 

Laphygma  feugipeeda  (Abbot  and  Smith). 

[Plate  LXU,  Fig.  2.] 

Tbe  larva  of  this  insect  is  commonly  known  throughout  the  South  as 
tbe  '^  Grass  Worm,"  and  although  usually  noticed  in  moderate  numbers 
eating  out  the  wild  grass  between  cotton  rows  and  elsewhere,  and  so 
doing  good  rather  than  harm,  still  there  occur  at  irregular  intervals 
seasons  in  whicli  it  appears  in  enormous  numbers,  eats  out  tbe  grass, 
^^rags''  the  cotton,  eats  the  corn  leaves,  and  utterly  destroys  the  crops 
of  the  vegetable  gardens  over  more  or  less  extended  parts  of  the  country. 
These  destructive  appearances  usually  occur  late  in  the  summer  or  in 
^e  fall,  and  for  this  reason  in  our  Third  Missouri  Report  we  gave  it  the 
title  of  the  "  Fall  Army  Worm,"  describing  it  under  the  scientific  name 
^^Prodenia  autwnnaliSy  witli  two  of  its  more  marked  varieties,  obacura 
(Plate  LXU;  Fig.  2c)  SLndfulvosa  (Plate  LXII;  Fig.  26).  The  larva  is 
fibred  in  the  Missouri  report  just  alluded  to  and  in  our  annual  report 
a«U.  8.  Entomologist  for  1881-'82  (Plate  VII;  Fig.  4). 
Although  the  great  majority  of  planters  distinguish  between  the 
iirass  Worm  "  and  the  "  Cotton  Worm,"  yet  it  is  owing  to  a  mistaking 
of  the  former  for  the  latter  that  many  accounts  of  a  diversity  of  food- 
^^bit  on  the  part  of  Aletia  have  been  published.  The  two  insects  are 
Quite  dissimilar  in  appearance,  and  in  habit  still  more  so.  The  Orass 
^orm  transforms  to  a  naked  pupa  beneath  the  surface  of  the  ground, 
^nd  hibernates  in  this  condition. 

*  Since  this  wa«  written,  Prof.  G.  H.  French  has  publiBbed  (PapiliOf  Vol.  IV,  Noa.7 
^^,  8ept«mber-October,  1884,  p.  146)  lengthy  denoriptions  of  all  of  the  preparatory 
*^  of  this  species. 

(J3  CONG 23 


nil 


354      REPOKT   4,    UNITED   STATES   ENTOMOLOGICAL   COMMISSION. 

Platyhypena  scabba  (Fabr.). 
[Plate  LXII,  Fig.  1.] 

This  moth  is  common  in  almost  every  portion  of  the  United  States, 
and  throughoat  the  South  it  flies  during  the  winter  on  all  warm,  sunny 
days.  Hence,  although  quite  dissimilar  to  Aletia,  it  has  been  fre- 
quently mistaken  for  this  moth,  and  sent  to  us  as  evidence  of  the  adult 
hibernation  of  Aletia.  In  the  larva  state  we  have  found  it  feeding  upon 
•clover  and  grass  at  Saint  Louis,  transforming  to  pupa  within  two  or 
three  leaves  loosely  webbed  together.  At  Washington  we  have  also 
ireared  it  from  Solidago.  There  are  two  or  three  annual  generations  in. 
the  latitude  of  Washington,  and  more  in  the  Cotton  States. 

The  larva  and  pupa  were  described  by  Professor  Comstock,  in  thd 
Annual  Beport  of  the  Department  of  Agriculture  for  1879,  p.  252,  the 
larva  only  colorationally ;  while  the  larva  was,  again,  very  imperfectly 
described  by  Mr.  D.  W.  Coquillett,  in  the  Canadian  Entomologist^  Vol. 
XII,  p.  43  (1880).    The  larva  lacks  the  first  pair  of  prolegs,  and  in  gen- 
eral appearance  looks  much  like  a  green,  immaculate  specimen  of  the 
•Cotton  Worm,  like  which  it  also  acts.    We  have  bred  from  this  larva 
at  Washington  the  Chalcid  parasite  Euplectrus  platyhypenas  Iloward. 

Phobebia  atomabis  (Hiibner). 

[Plate  LXII,  Fig.  3.] 

This  is  a  very  common  moth  throughout  the  Southern  States.  It  was 
i6gured  and  described  by  Hiibner  in  his  Zutrage  zur  Sammlung  exotis- 
•cher  Schmettlinge,  and  is  mentioned  by  Guen^e  as  figured  in  an  unpub* 
Hished  drawing  by  Abbot.  We  are  unable  to  learn,  however,  that  the 
•early  states  have  been  published.  This  moth  has  been  frequently  seut 
to  us  from  the  South  during  the  winter  by  observers  who  mistook  it  for 
Aletia,  and  was  captured  by  Judge  J.  F.  Bailey  at  Marion,  Ala.,  Feb- 
iruary  16,  1880,  while  feeding  on  the  nectar  from  the  blossoms  of  the 
3fock  Orange  (Cerastis  caroUnensis).*    (See  note  19.) 

*  American  EntomologUt,  III,  p.  77,  March,  1880. 
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THE  BOLL  WORM. 

{neliothis  armigera  Hubner). 

Order  Lepidopteea  ;  family  Noctuid^. 
[Plates  III  and  IVJ. 

INTEODUCTOEY. 

The  Bolt  Worm  may  very  appropriately  be  classed  as  among  the 
foremost  of  the  first-class  injurioas  insects.  The  amoant  of  damage 
which  it  does  in  the  course  of  a  year  to  one  crop  or  another  is  very 
great  la  many  parta  of  the  South  it  is  the  chief  enemy  kiio\^ii  to  cot- 
ton; while  there  can  be  little  doubt  that  the  corn  crop  suffers  more 
from  its  attacks,  year  in  and  year  out,  than  from  any  other  one  enemy, 
the  chinch  bug  not  excepted.  With  tomatoes,  peas,  and  beans,  though 
the  general  injury  is  not  great,  yet  occasionally  the  crops  of  certain 
sections  suffer  very  severely.  The  annual  drain  upon  the  resources  of 
the  country  from  this  one  insect  may  be  illustrated  by  a  few  quotations 
from  Southern  newspapers  and  from  the  correspondence  of  the  Depart- 
ment 

Judge  Johnson,  of  Holly  Springs,  Miss.,  says  in  his  report :  "  Of  all 
the  injuries  to  cotton  in  this  latitude  none  can  compare  with  the  Boll 
^orm,  for  it  is  universal  and  a  regular  annual  visitor. 

'*This  worm  is  far  more  injurious  in  this  part  of  Misi^issippi  than  the 
Cotton  Army-worm  or  any  other  insect  pest." — [Prof.  R.  W.  Jones, 
Oxford,  Miss- 

^^  From  all  directions  come  discouraging  reports  of  the  cotton  crop. 
The  Boll  Worm  has  done  its  work  of  devastation  so  thoroughly  that 
^^ere  is  now  no  hope  of  a  greater  yield  than  one  bale  to  eight  acres,  and 

• 

^^  some  few  cases  proprietors  will  not  put  pickers  to  work  or  give  their 
^J'ops  further  attention." — [Statistir,al  Report  from  Grayson  County, 
Texas,  1880. 

'^Examination  into  cotton  fields  in  different  portions  of  this  county 
"^tisfy  cotton  men  and  farmers  that  the  damage  of  the  Boll  Worm  wiM 
^nce  the  yield  of  the  fields  examined  fully  four-fifths.  They  are  re- 
P<)ited  as  ravaging  the  plant  in  Denton,  and  at  work  on  crops  raised  on 
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Dew  land  in  Tarrant,  Johnson,  Ellis,  Kaufman,  Hunt,  Bockwall,  Cooke, 
Montague,  Clay  and  Wise  counties." — [Texas  paper  (title  not  kept),  18S0. 

'^  The  Boll  Worm  has  already  made  its  appearance  in  this  part  of  the 
country,  and  reliable  farmers  say  that  their  crops  have  already  been 
damaged  at  least  75  per  cent.,  and  unless  some  favorable  change  takes 
])lace  they  will  lose  their  entire  crop." — [Statistical  Beport,  Kanfman 
County,  Texas,  1880. 

^*  Twenty  days  ago  the  cotton  crop  of  Ellis  county  promised  an  aver- 
age yield  of  a  bale  to  the  acre ;  at  this  time  its  evident  average  ^ield  will 
not  exceed  one-third  of  a  bale  to  the  acre,  the  cause  of  the  falling  off  be- 
ing the  Boll  Worm.  Some  fields  of  cotton  are  comparatively  iitUe  in- 
jured, while  others  are  literally  destroyed." — [Galveston  NeicSy  September 
2, 1880. 

"  Two  hundred  and  fifty  acres  of  cotton  waist  high  and  heavily 
limbed,  was  sold  to-day  for  (250  cash.  Cause,  ravaged  by  the  Bdl 
WoTm.^—[Oalve8ton  Ketcs^  August  26, 1880. 

The  following  extracts  are  from  the  answers  to  the  circular  sent  oat 
in  1878: 

''The  Boll  Worm  has,  I  doubt  not,  destroyed  more  cotton  in  Alabama 
than  the  Aletia  argillacea." — [D.  Lee,  Lowndes  County,  Alabama. 

''I  would  mention  the  Boll  Worm,  which  bores  into  the  boll  and  de- 
stroys each  lobe  pierced,  and  many  think  the  Boll  Worm  is  more  destrac- 
tive  on  the  average  than  the  caterpillar,  for  the  reason  that  it  attacks 
the  cotton  more  or  less  every  year.  I  have  counted  frequently  on  some 
stalks  as  many  as  25  bolls  destroyed  by  the  Boll  Worm.  In  1847  there 
was  no  caterpillar;  but  the  Boll  Worm,  from  written  memoranda  for- 
nished  me  by  the  Hon.  A.  C.  Mitchell,  of  Glenville,  Ala.,  very  nearly 
destroyed  the  crops,  being  equally  as  destructive  as  the  caterpillar  the 
preceding  year." — [H.  Hawkins,  Barbour  County,  Alabama. 

''There  is  a  small  worm  which  usually  comes  in  advance  of  the  regu- 
lar caterpillar,  that  bores  into  the  forms  before  the  bloom  comes  out, 
and  it  has  been  my  opinion  that  the  damage  caused  by  these  is  as  heavy 
as  any  caused  by  the  caterpillar." — [H.  C.  Brown,  Wilcox  County,  Ala- 
bama. 

• 

"  I  believe  the  Boll  Worm  has  done  a  great  deal  more  damage  in  the 
aggregate  than  the  Cotton  Worm." — [C.  C.  Howard,  Autauga  County, 
Alabama. 

"The  Boll  Worm  does  us  more  damage  upon  the  whole  than  the  Cot- 
ton Worm." — [A.  J.  Cheves,  Macon  County,  Georgia. 

'^The  Boll  Worm  (Heliothis)  has  done  more  damage  this  year  than 
the  Noctua  xylina.  They  api^eared  early  in  June  and  the  third  crop  i» 
still  at  work.  The  crop  of  this  county  is  cut  off  at  least  one-third.  A» 
field  of  sixty  acres  planted  by  my  brother-in-law,  that  with  no  casual- 
ties would  have  made  forty-five  bales,  will  barely  make  fifteen." — \W  • 
Barnes,  Cherokee  County,  Texas. 
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'^The  Boll  Worm  lias  done  more  injary  to  the  cotton  plant  than  any 
otber  insect  this  year.  *  *  *  It  is  said  by  some  farmers  that  50  per 
cent,  of  the  crop  is  lost  on  accoant  of  the  Boll  Worm.'' — [J.  M.  Glasco, 
Upshur  County,  Texas. 

^*  Theie  is  one  other  insect  that  has  destroyed  more  cotton  in  this  lo- 
eallty  in  the  lafit  four  years  than  all  other  insects  combined.     It  is  known 
bere  as  the  Boll  Worm.    *    *    *    Its  numbers  are  increasing  so  rapidly 
and  its  destruction  so  great  that  it  is  becoming  a  terror  to  the  cotton- 
planter  in  this  locality.'' — [J.  W.  Jackson,  Titus  County,  Tesas. 
The  following  refer  to  the  damage  done  to  corn  by  this  Heliothis: 
"The  corn  which  escaped  destruction  by  the  drought  was  consumed 
by  these  worms,  so  that  one  county  which  raised,  in  1859, 436,000  bush- 
els of  com,  has  not  this  year  even  5,000  bushels  of  wormy  corn — and 
this  is  a  sample  of  most  of  the  counties  in  Kansas.*' — [Prairie  Farmer^ 
1861,  p.  31. 

^^AJl  the  early  corn  in  this  county  was  infested  to  a  remarkable  de- 
gree. •  •  •  In  the  fields  examined  by  myself,  which  were  planted 
at  short  intervals  from  the  15th  of  March  to  the  15th  of  April,  and 
^ere  in  roasting  ear  from  the  latter  part  of  June,  not  more  than  three 
percent  of  the  ears  were  found  without  at  least  one  worm." — [Judge 
L.  C.  Johnson,  Holly  Springs,  Miss. 

"Id  one  field  of  late  corn  I  found  nearly  every  ear  eaten  by  them, 
tbere  being  from  one  to  half  a  dozen  worms  in  each  ear.  In  many  of 
them,  when  my  observations  were  made,  while  the  com  was  yet  soft, 
the  ))rocess  of  molding  and  decay  had  progressed  to  sut'h  an  extent 
that  it  was  difiieult  to  conceive  that  such  corn  could  ever  become  any- 
thing fit  for  man  or  beast  to  eat." — [G.  H.  French,  Normal,  111. 

Boring  the  past  three  seasons  (1881,  1882,  and  1883)  the  damage  to 
com  has  been  especially  marked  all  through  the  South  and  West.  It 
has  been  a  common  sight  to  meet  with  fields  in  Virginia  and  southward 
in  which  almost  every  ear  was  pierced,  while  letters  from  Illinois  and 
other  Western  States  complained  bitterly  of  the  damage  done. 

NOMENCLATUEE. 

The  moth  of  the  Boll  Worm,  according  to  the  simplest  classification 
of  the  Heterocera,  belongs  to  the  same  family — Noctuidse — as  does  the 
Cotton  Worm  moth,  and  to  the  subfaqnily  Heliothinse.  According  to 
tbe  classification  adopted  by  Guen^e  and  followed  in  the  catalogues  of 
^he  British  Museum,  however,  Heliothis  is  placed  in  the  family  Helio- 
^Wdje,  tribe  Genuin®,  division  Trifidae  of  the  Noctuelitse,  while  Anomis 
J8  very  differently  placed  in  the  family  Gonopteridfie,  tribe  Variegatae, 
division  Quadrifidae  of  the  Noctuelit^e.  The  genus  Heliothis  was  founded 
%  Oebsenheimer  in  his  Schmetterlinge  von  Europa  in  1816,  while  the 
•species  had  been  described  by  Hubner  in  his  Sammlung  europdischer 
^hmetterlinge,  170G. 

Two  synonyms  of  this  82)ecies  have  been  piiblis\ied  m  t\ivs>  ^owavc^ 
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lu  the  American  Cotton  Planter  for  July,  1850,  Mr.  J.  W.  Bodilie  drew 
up  a  short  scieutitic  descriptiou  of  the  species  under  the  uame  of 
Phalaena  zea  ^. 

In  1862,  Mr.  A.  E.  Grote  (Proc.  Ent.  Soc.  Phila.,  Vol.  I),  having  cap- 
tured  a  male  of  R.  nrmigera  on  Long  Island,  which  differed  considerably 
from  the  ordinary  type,  published  a  description  of  it  under  the  name  of 
H.  umbrosuSj  and  remarked  concerning  it: 

Approaehes  to  the  European  ff,  armigttaj  which  species  has,  however,  a  discal  uiark 
on  the  posterior  wings,  and  is  otherwise specificaUy  distinct.    It  appears  also  from  tbe 
descriptiou  oi  H,  exprimana  Walker,  C.  B.  M.  Noct.,  p.  687,  to  have  some  resemblaucb 
with  that  species,  hut  the  expressions  ''(alie  anticse)  orbicnlari  et  reniformi  magu'ti 
ferrugineo  marj^inatis/*  and  *'  (alse  posticoe)  litura  discali,''  do  not  apply  to  tbe  specii  s 
I  have  just  described  ^K 

In  the  very  next  year,  however,  Mr.  Grote  withdrew  the  name  alto 
gether,  having  become  satisfied  of  the  identity  of  his  type  with  the  com- 
mon European  form. 

Heliothis  armigera  has  many  popular  names.  In  the  cotton  fields  of 
the  South  it  is  universally  known  as  the  *'  Boll  Worm  " ;  in  tbe  Southern 
corn- fields  it  is  called  early  in  the  summer  the  "  Bud  Worm  ";  later,  tbe 
''Tassel  Worm",  and  later  still,  the  "Ear  Worm."  In  the  corn  fields 
of  the  West  it  is  called  the  "  Corn  Worm."  Tomato  growers  give  it  the 
name  of  the  "  Tomato  Fruit- worm,"  or  **Corn  Worm,"  and  according 
as  it  appears  on  peas,  beans,  or  other  vegetables,  it  receives  still  otber 
titles. 

GEOGRAPHICAL  DISTKIBUTION. 

It  would  be  difficult  to  find  a  more  widely  spread  species  than  HeliO' 
this  armigera.  It  has  been  found  in  every  quarter  of  the  globe,  and, 
within  certain  latitudinal  limits,  its  localities  of  occurrence  form  a  coai- 
plete  girdle  around  the  world.  The  following  list  of  localities  has  been 
gathered  fr#m  different  sources,  principally  from  the  British  Museum 
Catalogue  of  Lepidoptera,  and  will  doubtless  be  greatly  added  to  as 
other  localities  are  explored  by  entomologists. 

United  States, — All  the  States  as  far  west  as  i)arallel  lOG  W.,  and  as 
far  north  as  44  N.  It  is  also  found  in  California,  as  we  learn  fit>m  tlie 
Pacific  Rural  Press  of  September,  1879,  and  two  specimens  have  beea 
received  at  the  Department  from  Oregon. 

Mexico, 

West  Indies, — Jamaica,  Barbadoes,  Cuba  (Havana). 

South  Am^ica. — Venezuela,  Brazil. 

Europe. — England,  Isle  of  Wight,  France,  Spain  (Gibraltar),  Italy, 
Germany. 

Africa. — Azores,  Congo  River,  Cape  of  Good  Hope,  South  Africa 
(coast  and  interior),  Port  Natal,  Madagascar. 

Asia. — Bengal,  North  India,  Mauritius,  Ceylon. 

Malay  Archipelago, — Java. 

A  ustralia. — New  Soutli  "WaVea,  Sowv\i  -fekXxsXx^\\a»^  Queensland. 
Southern  Pacific.— ^e^vf  Zea\aTiA,^w\sv\«t\3^^%^ 
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FOOD-PLANTS,  OTHEB  THAN  COTTON.^ 

Corn. — It  has  for  some  time  been  supposed  that  the  first  occasion  on 
which  attention  was  pnblicly  called  to  the  fact  of  the  identity*  of  the 
Boll  Worm  and  the  Com  Worm  was  in  Mr.  Glover's  report  upon  cotton 
insects,  published  in  the  Patent  Office  Agricaltural  Eeport  for  1854, 
where  he  gives  the  credit  to  Col.  B.  A.  Sorsby,  of  Columbus,  Miss.,  in 
the  following  words : 

There  is  a  strikiBg  similarity  between  the  Boll  Worm  and  the  Com  Worm  in  ap- 
pearance, food,  and  habita,  both  in  the  caterpillar  and  i>erfect  state,  which  leads  to 
the  supposition  that  the  Boll  Worm  may  be  the  yonng  of  the  Com  Worm  moth,  and 
the  egj*8  deposited  on  the  yonng  bolls  as  the  nearest  snbstitnte  for  green  com,  and 
placed  on  them  only  when  the  com  has  become  too  old  and  hard  for  their  food.  Col. 
B.  A.  Sorsby,  of  Colnmbns,  )|^iss.,  has  bred  both  insects  and  declares  them  to  be  the 
same;  and,  moreover,  when,  according  to  his  advice,  the  com  was  carefully  wormed  on 
two  or  three  plantations  the  Boll  Worms  did  not  malce  their  appearance  that  season 
on  the  cotton,  notwithstanding  on  neighboring  plantations  they  commit  great  ravages. 

It  is  desirable  that  so  important  a  discovery  as  this  should  be  rightly 
credited,  and  it  was  tlierefore  with  considerable  interest  that  we  rea<l 
the  following  paragraph  in  the  article  on  the  Boll  Worm  in  the  American 
Cotton  Planter  for  July,  1850,  by  Mr.  J.  W.  Boddie,  of  Jackson,  Miss., 
from  which  we  have  already  quoted  : 

This  insect  is  an  anomaly  in  the  natural  history  of  insects,  for  it  is  much  more  de- 
structive to  the  plant,  cotton  {Gossifpium),  for  which  it  was  never  made,  than  to  the 
one  to  which  it  naturally  belongs,  com  (Zea  mayt). 

If  I  am  right  in  my  supposition,  this  insect  is  the  caterpillar  we  find  in  the  end  of 
ears  of  com,  eating  the  silk  and  some  little  of  the  com.  This  insect  is  at  the  North  ns 
well  as  at  the  South— in  fact  it  is  wherever  the  corn  grows  and  will  never  depredate 
on  the  cotton  plant  save  through  necessity. 

The  same  fact  of  the  identity  of  the  two  insects  was  subsequently  inde- 
pendently proven  and  published  by  Dr.  J.  H.  Zimmerman  in  the  Amer- 
ican  Cotton  Planter  for  1S55,  Mr.  B.  Sanderson,  in  the  &ame  journal,  for 
1858,  and  by  the  writer,  in  1 864,  in  the  Prairie  Farmer  Annual.  The  first 
time  Mr.  Glover  expressed  his  belief  in  this  identity  was  also  in  1864, 
tlie  previous  demonstrators  all  having  been  Southern  planters. 

SufQcient  has  already  been  said  in  the  introduction  concerning  the 
(lestrnctiveness  of  the  lioll  Worm  to  corn,  and  there  remains  to  discuss 
here  only  its  methods  of  work.  In  the  North  there  are  normally  two 
broods  which  feed  upon  corn,  and  exceptionally  three.  The  first  brood 
occasionally  makes  its  appearance  early  enoug^h  to  feed  upon  the  stam- 
inate  flowers,  or  "tassels,'' before  the  ears  are  formed.  Instances  of 
this  are  recorded  by  Mrs.  Mary  Treat,  of  Vineland,  N.  J.,  who  writes  to 
the  American  Entomologist,  August  25,  18C0,  as  follows: 

The  other  day  I  passed  a  large  field  of  com  where  the  depredations  of  this  worm 
Were  visible  upon  almost  every  stalk.  They  hod  done  their  work  weeks  before,  eat- 
ing throngh  the  leaves  while  they  were  folded  aronud  the  staminate  flowers  before 
The  ears  had  begun  to  make  their  appearauce. 

*Thi8  section  has  been  published  as  advance  matter  from  this  wotk  \u o^t ^w\i\\.\v\ 
rep*rt  as  entomologist  of  the  Departiueut  of  Agriculture  for  1BH1-'®1,  ^^.  \4V\\^. 
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'  It  is  probably  the  second  brood  which  attracts  the  most  attention  and 
does  the  most  damage.  In  August  and  September  the  infested  fields 
begin  to  present  a  sorry  sight.  Many  of  the  husks  are  seen  to  be  pierced 
by  circular  holes,  and,  upon  opening,  the  grain  is  found  to  be  eaten  in 
furrows,  principally  at  the  outer  end  of  the  ear.  If  the  work  has  been 
done  before  the  kernel  has  set  or  hardened,  the  milky  juice  will  have 
exuded  and  smeared  the  end  of  the  ear,  when  mold  soon  forms  ut)on  it, 
other  insects  wor)i  their  way  in  and  feed  upon  it,  and  the  whole  ear  soon 
presents  a  disgusting  appearance. 

Ilarely  more  than  one  full-grown  worm  is  found  in  the  ear  at  the  same 
time,  though  frequently  several  of  different  sizes  arc  to  be  seen.  In  tbe 
course  of  its  growth  the  worm  by  no  means  confines  itself  to  a  single  ear. 
As  t|}e  whim  seizes  it,  or  as  the  flavor  of  one  ear  palls  upon  its  ap|)e- 
tite,  another  is  entered,  either  upon  the  same  or  an  adjoining  stalk. 
The  journey  from  one  to  another  is  made  in  the  night,  szud  the  new  ear 
is  usually  entered  by  a  circular  hole  bored  through  some  part  of  tbe 
husk ;  so  that  the  mere  presence  of  a  hole  in  the'husk  does  not,  as  is 
thought  by  many,  necessarily  imply  that  the  worm  has  left  the  ear  to 
transform. 

From  the  first  to  the  last  of  September  the  worms  of  this  second 
brood  bore  out  through  the  husks  and  enter  the  ground  to  transform, 
those  pupating  first  frequently,  in  warm  seasons  in  the  more  northern 
.  localities,  and  always,  we  believe,  in  the  latitude  of  South  Illinois,  Mis- 
souri, and  Virginia,  giving  rise  to  a  third  brood,  which  feeds  ui>ou  the 
hardened  corn  if  more  congenial  food  is  not  at  hand. 

It  was  formerly  thought  that  the  efforts  of  the  worm  on  com  were 
confined  to  the  tender  and  milky  ears.  In  fact  we  stated  (Animcan 
Entomologist^  I,  1869,  p.  212)  that— 

The  worm  caoDot  live  on  hnril  com,  and  it  is  usually  faU-grovrn  when  the  kernels 
are  in  the  *^ milk"  state. 

In  1870,  however,  we  corrected  this  idea  in  the  following  words  (see 
Third  Missouri  Entomological  Report,  1870,  p.  104): 

I  was  formerly  of  the  opiuion  that  this  worm  could  not  live  on  hanl  com,  and  it  cer- 
tainly does  generally  disappear  before  the  corn  fully  ripens^  but  last  fall  Mr.  James 
Harkness,  of  Saint  Louis,  brought  me,  as  late  ns  the  latter  ])art  of  October,  from  a 
corn-field  on  the  Illinois  bottom,  a  number  of  large  and  well-ripened  ears,  each  con- 
taining from  one  to  five  worms  of  different  Kizes,  subsisting  and  flourishing  upon  the 
hard  kernels. 

Prof.  B.  W.  Claypole,  of  Antioch  College,  Yellow  Springs,  Ohio,  also 
called  attention  to  the  same  fact  in  the  November  (1880)  number  of  the 
American  Entomologist.    He  says: 

In  cutting  my  own  corn  yesterday  I  found  many  specimens  of  this  insect,  and  there 
now  lies  before  me  an  ear  almost  uninjured  and  nearly  dry,  the  kernels  being  too  bard 
to  yield  to  the  nail,  and  full  of  meal  when  broken,  in  which  is  an  almost  fnll-growo 
worm  engaged  in  eating  these  hard  grains.  *  •  •  Later.  I  have  as  late  aa  tbe 
first  week  of  this  month  (October)  found  small  Corn  Worms,  not  more  than  half  an 
inch  long,  engaged  in  eating  the  ripe  rars  of  com,  and  I  can  add  from  experience  that 
these  amaU  worms  can  bite  sharply. 
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Last  fall  (1881),  in  the  vicinity  of  Canton,  IlL,  Professor  Barnard  ob- 
served that  much  damage  was  done  to  late  corn,  over  two  thirds  of  the 
cars  harvested  liaving  contained  one  or  more  worms.  Live  worms  were 
found  in  the  ears  up  to  the  time  of  husking,  in  the  latter  part  of  Octo- 
ber, feeding  upon  the  hard  kernels.  The  ears  thus  damaged  exhibiteil 
on  husking  many  shallow  grooves  through  the  tops  of  the  kernels,  which 
seemed,  indeed,  the  favorite  mode  of  work  of  the  worms;  but  occasion- 
ally a  single  kernel  would  be  eaten  down  to  the  cob.  There,  as  else- 
where, mildew  had  served  to  greatly  increase  the  damage  done  by  the 
worm. 

In  the  Southern  States  there  are  always  three  broods  of  the  worm 
apon  corn,  the  later  broods  preferring  the  tender  cotton  bolls  to  the 
tough  corn.  The  moths  in  early  spring  lay  their  eggs  on  the  leaves  of 
the  corn,  and  the  newly-hatched  larv®  begin  feeding  at  once  on  the 
spot  of  their  birth.  By  these  young  larvse  many  irregular  holes  are 
eaten  through  the  tender  leaves,  giving  them,  as  has  been  well  said,  the 
appearance  of  having  been  riddled  by  a  charge  of  small  shot.  In  this 
manner  they  feed  for  some  time,  gradually  working  their  way  downward 
into  the  sheath  of  the  leaf,  and  finally  reaching  the  closely-rolled  ter- 
minal bud,  into  which  they  bore  and  remain  feeding  until  they  attain 
their  full  growth,  when  they  gnaw  directly  outwards,  and,  crawling  into 
the  ground,  transform  to  pupae. 

The  eggs  of  the  second  brood  are  laid  upon  the  leaves  and  upon  the 
sheaths  of  the  tassels  about  the  1st  of  June.  The  worms  feed,  as  be- 
fore, upon  the  leaves  at  first,  upon  the  tassels,  and,  later,  as  they  ap- 
proach full  growth,  they  are  to  be  found  feeding  upon  the  kernels,  silk, 
and  cob  of  the  forming  ears. 

The  third  brood,  commencing  shortly  after  the  1st  of  July,  may  be 
compared  in  its  destructiveness  to  the  second  brood  at  the  North.  It  is 
very  numerous,  and  is  the  last  brood  which  injures  corn  to  any  extent. 
The  eggs  are  laid  upon  the  end  of  the  husk  or  amongst  the  silk,  and 
the  worms  work  in  the  manner  previously  described,  occasionally  pierc- 
ing the  husk  and  migrating  from  one  ear  to  another,  although  the  ten- 
dency to  do  this  is  much  less  when  the  ears  are  tender  than  after  the 
grains  have  begun  to  harden.  The  worms  of  this  brood  pupate  in  the 
usual  way,  and  those  of  the  next  betake  themselves  almost  exclusively 
to  cotton.  Occasionally  a  worm  is  found  working  in  the  ears  of  hardened 
com  in  close  proximity  to  a  cotton-field,  but  it  is  a  comparatively  rare 
occurrence. 

Much  of  the  history  of  the  Boll  Worm  upon  cotton  is  inseparably  con- 
nected with  its  life  upon  corn,  so  that  we  shall  have  occasion  hereafter 
to  again  refer  to  its  relations  to  the  latter  crop. 

Tomato. — Perhaps  next  in  importance  to  the  damage  done  to  cotton 
and  corn  comes  that  done  to  the  tomato  crop.  In  1867  the  Boll  Worm 
played  havoc  with  the  tomatoes  of  Southern  Illinois,  eating  into  the 
green  fruit  and  causing  it  to  lot.    (See  American  Eutomolo9\8t^\^'lVlY 
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In  his  report  for  1870  Mr.  Olover  speaks  especially  of  the  damage  to 
this  crop  the  previous  year  in  Maryland.  The  worm  bored  into  lioth 
the  ripe  and  unripe  fruit  of  the  tomato,  rendering  it  wholly  unfit  for 
use.  It  was  said  that  a  single  caterpillar  would  ruin  a  number  of  the 
fruit  on  one  plant  alone. 

Mr.  Crane,  of  Mandarin,  Fla.,  an  extensive  vegetable  grower,  lost,  in 
1878,  one-third  of  his  crop  of  tomatoes  through  this  Heliothis. 

Prof.  J.  E.  Willet,  of  Macou,  Oa.,in  correspondence  with  the  Depart- 
ment in  September,  1879,  related  the  iuteresting  fact  that  in  the  vicin- 
ity of  MacoD,  at  least,  the  Boll  Worm  had  developed  the  mischievous 
habit  of  boring  into  the  tomato-stalks  until  they  were  nearly  or  quite 
severed,  thus  doing  more  damage  than  it  could  have  done  by  confining 
itself  to  the  fruit.  The  larvce  have  also  been  found  feeding  upon  the 
leaves  of  tomato,  at  Washington,  by  Mr.  Pergande,  one  of  our  assist- 
ants. 

The  Boll  Worm  has  also  been  found  by  J.  Jenner  Weir  to  feed  upon 
the  tomato  plant  in  England,  and  we  have  already  elsewhere  commented 
upon  the  interest  attaching  to  this  fact,  since  the  tomato  is  grown  with 
such  difficulty  in  England.* 

Tobacco,  and  otheb  Solanacejb.— So  far  as  we  know  there  has 
been  no  record  of  injury  to  tobacco  by  the  Boll  Worm  in  this  country; 
but  Mr.  Gh.  Goureau,  in  his  Insectes  Nuiaibles  (second  supplement,  1865, 
p.  132),  mentions  the  fact  that  it  devours  the  leaves  of  this  plant  where 
cultivated  in  Europe. 

Of  other  Solanaceous  plants  we  may  mention  the  red  pepper  {Capsi- 
cum annuum)y  the  Jamestown  or  Jimpson  weed  {Datur,a  stramonium)^  and 
the  Ground-cherry  (Physalis).  The  injury  to  peppers  is  mentioned  by 
Professor  French  in  the  report  of  the  Illinois  State  Entomologist  for 
1877,  p.  102,  while  the  observation  on  Stramonium  was  made  by  Dr. 
Barnard  and  Mr.  Schwarz,  at  Selma,  Ala.,  in  August,  1 880.  On  Pkysalis 
they  were  seen  by  Dr.  A.  Oemler,  at  Savannah,  Ga.,  and  we  found  them 
ruining  the  fruit  of  this  plant,  in  all  parts  of  Kansas  in  1877. 

LEauMiNOB-ffl. — The  Boll  Worm  is  very  fond  of  boring  into  the  pods 
of  Leguminous  plants.  The  pod  of  the  common  garden  pea  {Pisum  sati- 
vum) is  frequently  destroyed  by  it.t 

Boll  Worms  were  discovered  feeding  on  the  common  string- bean  {Pha- 
seolus  vulgaris)  in  the  vicinity  of  Kirkwood,  Mo.,  by  Miss  Mary  Murtfeldt. 
In  October,  1879,  specimens  were  received  from  D.  Landreth  &  Sons, 
Philadelphia,  which  had  damaged  their  Lima-beans  to  the  extent  of  from 
3  to  5  per  cent.  Upon  the  field  bean  they  were  observed  feeding  by 
Mr.  Howard,  near  Savannah,  in  1881.  With  all  these  species  of  beans, 
and  with  the  garden  pea,  the  method  of  work  is  the  same — the  worm 

*  American  Entomologist^  II,  p.  172. 

t  See  quotation  from  Mrs.  Mary  Treat,  in  the  American  Entomologist^  Vol.  II,  p.  42. 
See  also  Glover's  report  of  the  Eutoinolop^st  for  1870,  p.  84 ;  onr  third  Misaonri  Report, 
p,  105;  and  report  of  Prof.  "William  Trcleaae,  in  the  Report  on  Cotton  Insects,  1879. 
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bores  into  the  pod  at  some  one  point,  and  never  leaves  until  the  entire 
contents  are  mined.  With  the  common  Cowpeas  of  the  South  ( Vigna 
and  Dolichos,  spp.),  in  the  pods  of  which,  Heliothis  is  very  often  found 
feeding,  the  work  is  frequently  done  in  quite  a  different  way.  The 
seeds  are  separated  by  marked  fleshy  partitions,  and,  rather  than  pierce 
these  partitions,  the  worm  bores  through  to  the  outside  and  enters 
again  opposite  to  another  pea.  In  the  same  manner  it  infests  Erythrina 
herbaeea — a  leguminous  plant  which  grows  wild  through  the  South,  more 
commonly  near  the  coast.  (See  Report  on  Cotton  Insects,  Department 
of  Agriculture,  1879,  p.  206.)  In  Europe  it  is  found  on  Lucerne  {Medi- 
cago  saiiva)  according  to  Gourean  {ibid,),  and  upon  the  Chick-pea  {Cicer 
arietinum)  according  to  M.  J.  Fallon  (Insectologie  Agricole,  1869,  p.  205). 
In  the  latter  case  the  young  worms  feed  upon  the  leaves  and  the  older 
ones  bore  into  the  pod. 

CucuBBiTACEiE. — AmoBg  the  CucurbitaceaB  several  useful  plantsare 
injured  by  the  Boll  Worm.  Glover,  in  1870,  records  pumpkins  {Cucur- 
Uta  pepo),  and  Judge  Johnson,  in  his  report  to  us,  mentions  melons 
(Cueumis  melo)  and  summer  squash  [Cucurhita  verrucosa).  Mr.  Glover, 
as  long  ago  as  1855,  found  the  Boll  Worm  feeding  in  the  flowers  of 
squash.    (Glover,  Patent  Office  Agricultural  Report  for  1855,  p.  100.) 

Malvace^. — Professor  French  (Seventh  Report  of  the  State  Ento- 
mologist of  Illinois)  reports  the  worm  as  feeding  on  the  growing  seed- 
pods  of  the  large-flowered  Rose  Mallow  {Hibiscus  grandiflura)  along 
streams  in  Illinois.  lie  has  recently  published  the  fact,  however,  that 
the  larva  concerned  in  this  injury  was  not  Heliothis,  but  a  Pyralid.* 

The  useful  Okra  or  Gumbo  plant  {Hibiscus  esculentus)  is  often  de- 
stroyed, according  to  Judge  Johnson,  by  this  larva. 

Other  food-plants. — The  families  Iridaceo),  Couvolvulacea),  Urti- 
cacesB,  RcsedacesB,  GeraniacesB  each  contain  a  single  food-plant  of  He- 
liothis. Mrs.  Treat,  in  her  Vineland  addres-3  on  insects,  quoted  from  in 
the  American  Entomologist^  I,  p.  43,  m<*ntioned  the  Gladiolus,  grown 
frequently  in  flower  gardens,  as  being  occasionally  eaten  in  the  spring 
hy  the  Boll  Worm.  Mr.  Sch  warz  several  times  found  the  worm,  at  Selma, 
Ala.,  feeding  on  the  green  fruit  of  Ipomoea  coinmvtata.  He  remarks :  "  It 
is  a  very  curious  sight  to  see  this  large  larva  with  its  htad  imbedded  in 
the  comparatively  small  fruit  of  this  plant.''  Mr.  Gourean  {L  c.)  men- 
tions hemp  (Cannabis)  as  one  of  the  European  food-plants,  and  Kalren- 
bach  (Pflanzenfeinde,  &c.,  p.  42)  states  that  the  worm  lives  from  June 
to  August  on  the  Dyer's  Mignonette  {Reseda  luteola). 

Within  the  last  year  the  worms  were  received  from  Mr.  Daniel  Wilter, 
of  Denver,  Colo,,  as  boring  into  the  stems  of  his  garden  Geraniums,  and 
also  eating  the  leaves  of  the  same  plant. 

These  are,  sofaras  wehave  been  able  to  ascertain,  aU  of  the  food-plants 
of  Heliothis  armigera  yet  known  or  at  least  yet  recorded.  Others  will 
undoubtedly  be  found  from  time  to  time,  and  it  is  not  improbable  that 
the  present  list  could  be  swelled  into  the  hundredia  \)y  a  d\\\?,<evi\.  ^\A 
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specific  study  of  this  insect  for  a  year  or  two,  for  enough  has  been  said 
to  show  that  it  is  a  very  general  feeder. 

In  this  connection  we  cannot  avoid  making  the  statement  that  the 
Boll  Worm  is  by  no  means  exclusiv*^ly  vegetarian  in  its  diet,  although 
this  point  will  be  fully  discussed  in  the  special  report.  It  has  been  re- 
peatedly known  to  devour  the  pupae  of  the  Cotton  Worm  {Aletia  xylina) 
when  free  upon  the  plants,  and  has  moreover  gained  a  wide  reputation 
as  a  cannibal,  the  larger  individuals  frequently  dining  upon  the  smaller 
ones. 

CHABACTERS  AND  TRANSFORMATIONS. 

The  Egg  (Plate  III,  Fig.  1;  Plate  IV,  Fig.  1).— The  egg  of  HeliothiR 
is  1^^  in  diameter,  its  axis  being  about  equal  to  its  greatest  diameter, 
which  is  near  the  base.  In  color  it  is  nearly  white,  rather  inclined  to 
yellowish,  and  is  easily  detected  against  the  green  background  of  leaf, 
stem,  or  involucre.  Upon  certain  of  the  eggs  shortly  after  being  laid 
there  appears  a  reddish-brown  band  near  the  summit,  which  disappears 
with  the  growth  of  the  embryo.  The  worm  itself  can  be  seen  through 
the  semi-transparent  shell  os  it  approaches  the  -hatching  point.  The 
sculpture  of  the  egg — the  polar  ribs  with  their  cross-furrows — is  almost 
identical  with  that  of  Aletia. 

The  only  published  statement  we  have  ever  seen  as  to  the  number  of 
eggs  laid  by  a  single  moth  was  by  Glover,  who,  in  1866,  stated  that  a 
correspondent  had  dissected  a  female  moth  and  found  it  to  contain 
more  than  500  eggs. 

Mr.  Glover,  misled  by  some  cause  or  other,  makes  the  following  state- 
ment concerning  the  place  of  deposit  of  the  eggs: 

The  epfg  is  generolly  deposited  singly  on  the  ontside  of  the  involncel  or  outer  calyx 
of  the  flower  or  young  boll,  where  it  adheres  by  means  of  a  gummy  substance  which 
surrounds  the  egg  when  first  laid,  and  which  hardens  by  exposure  to  the  atmosphere. 
It  has  been  repeatedly  stated  by  planters  that  the  egg  was  deposited  on  the  stem,  and 
that  the  young  stem  forms  the  first  food  of  the  newly-hatched  caterpillar;  but  after 
a  careful  examination  of  several  hundred  stems  I  found  only  one  egg  placed  in  this 
situation,  and  that  from  the  fact  of  its  being  laid  on  its  side  instead  of  the  base,  had 
evidently  been  misplaced. 

The  truth  of  the  matter  is  that  the  eggs  are  to  be  found  on  all  parts 
of  the  plant,  more,  perhaps,  being  deposited  on  the  under  side  of  the  leaf 
than  elsewhere.  A  few  can  be  found  on  the  stalks,  and  many  on  the 
upper  surface  of  the  leaves,  and  quite  a  large  proportion  also  upon  the 
involucre.  Occasionally,  too,  an  egg  is  to  be  found  on  the  stem  of  the 
boll  or  upon  a  leaf  petiole.  During  the  hot  weather  of  July  and  August 
by  far  the  greatest  number  will  be  found  on  the  under  side  of  the  largest, 
diirkest  leaves.  The  favorite  time  for  oviposition  is  at  or  just  after 
twilight,  when  the  moths  can  be  seen  dying  in  great  numbers. 

"This  statement  was  contained  in  a  re|iort  prepared  by  Professor  French,  for  the 
Third  Report  of  the  United  States  Entomological  Commission,  but  which  has  beeu  in- 
depeudeutly  printed  in  the  Eleventh  Report  of  the  St'ito  Entomologist  of  Illinois. 
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The  duration  of  the  egg  state  is  said  by  Prof.  K.  W.  Jones  to  be  from 
three  to  five  days,  bat  in  spring  and  late  fall  a  longer  time  elapses  be- 
fore hatching,  while  in  midsummer  the  worms  may  occasionally  appear 
in  two  days  from  the  time  of  oviposition. 

The  Larva  (Plate  III,  Figs.  2,  3,  4,  5;  Plate  IV,  Figs.  3,  6, 10,  13, 
14,  15, 16, 17, 18, 19,  20,  22).— The  newly-hatched  Boll  Worm  has  much 
the  api)earance  of  the  young  Cotton  Worm.  It  is  rather  darker  in 
color,  however,  and  though  walking  like  a  looper  to  a  certain  degree,  its 
pro-legs  are  mnch  better  developed  than  is  the  case  with  Aletia.  No 
marked  difference  in  the  size  of  the  legs  is  observable,  except  that  the 
anterior  pair,  although  apparenllj'  perfectly  formed,  is  shorter  and 
weaker  than  the  others.  The  head  is  large,  as  are  also  the  piliferous 
tubercles,  while  the  hairs  are  long  and  stout  in  proportion  to  the  size  of 
the  body.  The  larva  feeds  at  first  at  the  spot  on  which  it  was  born,  be 
it  leaf,  petiole,  stalk,  involucre,  corolla,  or  boll;  but  it  soon  manifests  a 
migratory  tendency,  crawling  from  one  leaf  to  another,  and  letting  itself 
drop  and  swing  suspended  from  a  line  of  silk,  until,  sooner  or  later,  a 
young  bud  or  boll  is  found,  into  which  it  bores.  It  often  happens  that 
several  days  pass  while  the  young  worm  is  searching  for  a  boll,  during 
which  time  it  feeds  u]M)n  the  leaves.  Indeed,  as  will  be  instanced  later, 
the  worm  may  and  does  occasionally  pass  the  whole  of  its  larval  exist- 
ence with  no  other  food  than  leaves. 

The  passage  of  the  young  Boll  Worm  into  the  flower  bud  is  a  fre- 
quent— perhaps  the  most  frequent — cause  of  the  flaring  of  the  involucre 
and  the  final  dropping  of  the  bud  or  young  boll.  (Plate  IV,  Figs.  8,  9.) 
The  idea  that  this  "  shedding  of  cotton,"  as  it  is  called,  is  mainly  caused 
by  insects,  is  not  generally  accepted  at  the  South ;  yet  such  is  theca«e, 
and  the  Boll  Worm  is  the  chief  of  the  malefactors.  An  examination 
of  the  shed  bud  or  boll  will  show  that  in  nearly  every  case  it  is  pierced 
by  a  small  hole.  (Plate  IV,  Fig.  2.)  Frequently  granular  exciement  is 
to  be  seen  on  the  involucre,  between  it  and  the  boll,  and  when  this  is 
the  case  it  is  proof  positive  of  the  agency  of  Heliothis.  But  frequently, 
also,  a  bole  or  puncture  is  to  be  seen  with  no  sign  of  excrement.  In 
such  cases  it  is  probably  the  work  of  some  Hemipterous  insect.  Of 
these,  Mr.  Glover  has  briefly  described  Calocoris  rapidus  Say,  and  C 
himaculatus  H.  Schf.,  in  the  following  words:* 

I  obscr%'ed  three  insects  (C.  himaculatua)  when  confined  nnder  glass,  socking  the  snp 
from  the  bnds  and  yonng  halls,  their  only  food.  The  young  eventually  completed 
their  transformations  into  perfect  insects.  They  were  observed,  moreover,  to  eject 
large  drops  of  green  sap  from  their  abdomens,  which  conld  only  have  been  procured 
from  the  bnds  themselves.  *  *  *  The  perfect  insect  is  seven-twentieths  of  an  inch 
in  length ;  the  antennie  are  brown  and  green,  the  eyes  brown ;  the  thorax  somewhat 
triaognlar ;  the  anterior  part  green,  and  shaded  with  reddish-brown  posteriorly :  the 
legs  brown  and  green ;  the  wing-cases  with  a  cross,  shaped  like  the  letter  X,  forming 
four  triangles,  those  nearest  the  thorax  being  reddish-brown ;  the  side  triangles  are 
picen. 

*8ee  Bibliographical  List :  Glover  (lS;i&V 
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There  is  likewise  another  species  (C.  rapidua)  Tvhieh  was  fonud  perforating  the 
yonng  flower  bnils  and  bolls  of  cotton  similar  to  the  above.  The  head  and  anterior 
portion  of  the  thorax  are  reddish-brown,  the  reroainder  of  the  thorax  yellow  with  a 
double  mark  in  the  middle ;  the  wing-cases  are  brownish-block,  with  two  longitudi- 
nal yellow  lines  from  the  upper  outside  comer  of  the  wing-cases  to  the  posterior  edge, 
forming  a  dividing  mark,  somewhat  shaped  like  the  letter  X. 

He  has  also  described  a  species  of  Lygseus  Laving  similar  habits 
(ibid.).  In  his  manuscript  work  on  Cotton  (see  Glover,  1878,  Bibl.  List) 
he  ^gnres Leptoglo88U8 phyllopu8  (Lin.)  (^Anufoscelisalbicincttts  Say), J^m- 
schistus  punctipes  Sa^',  and  Nezara  pennsylranica  De  Geer,  all  of  which 
are  said  to  have  been  found  piercing  cotton  bolls  or  buds,  although  their 
habits  are  normally  predaceous. 

The  amount  of  damage  done  in  this  way  by  the  Boll  Worm  is  very 
great,  as  a  single  young  larva  will  travel  from  bud  to  bud,  deserting 
each  before  its  fall,  until  many  have  been  destroyed.  A  bud  pierced 
tust  before  opening  is  forced  into  premature  bloom;  but  the  worm 
usually  feeds  upon  the  essential  reproductive  parts,  rendering  it  in- 
capable of  fructifying.    (Plate  IV,  Fig.  3.) 

As  the  worms  increase  in  size  a  great  diversity  in  coloration  and  also 
in  markings  appears.  Those  individuals  which  have  nearly  reached 
their  full  growth  vary  from  a  dark  brown  or  rose  color  to  a  light  green, 
the  latter  being,  perhaps,  the  predominant  shade.  Almost  every  con- 
ceivable intermediate  stage  of  color  is  to  be  seen,  while  the  markings 
vary  almost  as  greatly.  It  seems  to  be  well  settled  that  the  green 
worms  are  most  abundant  in  the  spring,  while  later,  as  the  cotton  blos- 
soms out  fully  and  t^ie  silk  of  corn  begins  to  assume  its  reddish  tinge, 
the  pinkish  variety  becomes  more  abundant  and  the  brown  worms  do 
not*appear  in  force  until  fall. 

In  markings  the  worms  vary  from  almost  perfectly  immaculate,  nn- 
sMped  individuals  to  those  furnished  with  many  spots  and  regulnr 
stripes.  The  commonest  (we  can  hardly  say  the  normal)  arrangement 
of  the  markings  is  as  follows:  On  each  side  of  the  body,  extending  from 
the  head  to  the  anal  joint  and  including  the  spiracles,  is  a  broad,  whit- 
ish, lateral  or  stigmatal  stripe.  Just  above  this  is  a  less  broad  subdorsal 
dusky  stripe.  Down  the  middle  of  the  back  is  a  narrower,  dusky,  medio- 
dorsal  stripe,  including  a  fine  white  line,  and  between  this  and  the  subdor- 
sal dusky  stripe,  in  what  may  be  called  the  dorsal  space,  are  four  or  five 
very  delicate  whitish  lines,  so  delicate  in  fact  as  not  to  interfere  with  the 
general  color  of  the  body.  Of  spots  there  are  usually  eight  dorsally  to 
each  abdominal  joint,  normally  black  in  color,  the  four  dorsal  spots  ar- 
ranged trapezoidally,  the  anterior  pair  clesest  together.  These  spots 
are  simply  piliferous  tubercles  and  are  very  constant,  a  close  examina- 
tion of  even  the  immaculate  individuals  showing  them  still  to  be  pres- 
ent, though  colorless.  Upon  the  meso-  and  meta-thoracic  joints  these 
tubercles  are  arranged  across  the  dorsum  in  a  single  transverse  row. 
Of  the  stripes  the  most  constant  appears  to  be  the  whitish  lateral,  all 
the  others  being  more  often  wanting. 
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That  these  color  varieties  are  not  caused  by  a  differeuce  in  food  is 
shown  by  the  fact  that  all  the  variations  occur  in  specimens  feeding  on 
one  and  the  same  plant.  Those  feeding  on  maturing  corn  are  always 
dark,  however,  and  the  colors  brighten  in  proportion  as  the  larvae  are 
exposed  and  not  hidden  in  feeding. 

As  the  worms  grow  they  attack  larger  bolls,  the  young  larvse  hav- 
ing mainly  confined  themselves  to  the  buds  and  newly-formed  bolls. 
(Plate  IV,  Fig.  6.)  The  worms  may,  therefore,  be  said  to  progress  down- 
ward, the  younger  individuals  being  found  mainly  upon  the  top  crop, 
while  the  older  larvie  bore  into  the  older  bolls  oi  the  middle  crop,  the 
bottom  crop  being  seldom  seriously  damaged  by  Eeliothis.  The  half- 
grown  worm  finding  a  boll  of  a.  suitable  uge,  begins  at  once  to  gnaw 
throngh  the  smooth  covering,  soon  forming  an  o])ening  as  large  as 
the  diameter  of  its  body,  and  through  this  opening  it  gradually  works 
its  way  into  the  interior  of  the  boll.  Frequently  the  spot  first  tried 
proves  too  hard  or  otherwise  distasteful,  and  the  worm  leaves  it  either 
for  another  boll  or  for  another  spot  on  the  same  boll.  Infested  bolls 
can  nsnally  be  distinguibhed  by  the  opening,  but  occasionally^  this  is 
hidden  by  the  involucre.  Having  devoured  or  partially  devoured  the 
contents  of  one  boll,  the  worm  leaves  it  for  another.  Even  if,  however, 
the  damage  to  the  contents  has  been  slight,  rain  penetrates  through  the 
opening,  the  boll  soon  rots  and  attracts  other  insects  (principally  Dip- 
terous and  Coleopterous),  which  finish  the  work  of  destruction.  In  this 
way  an  immense  amount  of  damage  can  be  done  by  a  single  larva. 
Prof.  E.  W.  Jones  says  in  his  report:  "  The  amount  of  damage  done  by 
a  single  worm  is  surprising.  I  have  counted  eighteen  young  bolls 
shriveling,  decaying  or  fallen,  besides  many  blooms  and  unopened  flower 
bads  pierced;  all  the  work  of  one  Boll  Worm,  and  that  not  grown." 

The  disease  known  as  *'  boll-rot  ^  has  recently  been  laid  to  the  account 
of  the  Boll  Worm.  This  disease  is  said  to  have  made  its  appearance  as 
early  as  1810,  and  to  have  prevailed  for  ten  years  or  more,  frequently 
destroying  whole  crops.  The  introduction  of  the  Tennessee  green-seeded 
cotton  seemed  to  stop  the  spread  of  the  disease.  About  1850,  however, 
it  is  said  to  have  reappeared,  and  since  then  has  been  an  occasional 
sonrce  of  considerable  damage  to  the  crop.  The  rot  manifests  itself  at 
first  by  a  slight  discoloration,  resembling  a  small  spot  of  grease.  Either 
one  or  all  of  the  interior  divisions  soon  rots,  and  the  boll  frequently 
borsts  and  discharges  a  putrid  mass.  The  disease  has  been  variously 
attributed  to  the  agency  of  some  fungus  growth,  to  an  organic  disease 
of  the  plant  brought  on,  perhaps,  by  a  superabundant  moisture  of  the 
soil,  and  to  the  attacks  of  insects.  The  results  of  the  rot — in  the  sha^ie 
of  insects  attracted  by  the  diseased  condition  of  the  boll — have  long 
been  considered  as  among  the  causes. 

Professor  Stelle,  in  one  of  his  reports  to  us  (see  Appendix  HI)  be- 
lieves that  the  rot  can  all  be  laid  at  the  door  of  the  Boll  Worm.  He 
claims  by  his  observations  to  have  proven  that  the  greasy-lookm^ 
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braised  spot,  which  is  the  first  /nanifestation  of  the  rot,  is  simply  the 
result  of  the  gnawings  of  the  worm  in  its  attempt  to  penetrate  the  boll 
at  that  point.  Bolls  thns  spotted  were,  as  he  reports,  watched  until 
in  every  case  the  rot  supervened. 

In  spite  of  the  confidence  with  which  Mr.  Stelle  puts  forth  this  theory,  oar 
experience  would  indicate  that  he  is  mistaken.  In  fact  we  have  learned 
to  question  the  trustworthiness  of  his  statements.  We  have  repeatedly 
seen  bolls  badly  gnawed  both  by  Aletia  and  by  the  Boll  Worm,  as  well 
as  by  other  Lepidopterons  larvse,  which  yet  were  sound  and  good  inside, 
and  we  believe  the  cases  mentioned  by  Mr.  Stelle  to  have  been  simply 
coincidences.  We  may  also  adduce  the  fact  that  tbe  gnawings  of  the 
worms  into  tomato  and  Physalis,  fruits  which  rot  very  easily,  seldom  if 
ever  produce  rot.  The  only  decay  actually  caused  by  the  Boll  Worm  to 
the  cotton  boll  occurs  where  the  seed-cavity  has  been  pierced  and  rain 
has  been  enabled  to  enter. 

Many  instances  of  the  carnivorous  propensities  of  the  Boll  Worm  have 
been  met  with  during  the  past  few  years.  We  have  known  the  larger 
worms  (and  thei  act  has  l^on  repeatedly  seen  by  observers  in  the  employ 
of  the  Commission)  to  seize  upon  the  smaller  worms,  biting  through  the 
skin  and  feeding  upon  the  juices  of  the  body.  And  this  has  not  only 
been  done  in  the  confined  breeding  jars,  but  upon  the  cotton  plant,  in 
open  air,  with  an  abundance  of  vegetable  food  at  hand.  Professor  Willet^ 
as  we  learn  from  his  correspondence  with  us,  has  also  noticed  the  same 
occurrence  with  these  worms  when  feeding  upon  tomato,  and  Judge 
Johnson  has  noticed  the  same  habit  among  the  corn>feeding  worms. 
More  interesting,  however,  than  this,  even,  is  the  habit  which  the  Boll 
\Wrm  has  of  occasionally  preying  upon  the  pupse  of  Aletia.  This  was 
observed  we  think  for  the  first  time  by  Mr.  Trelease  while  in  the  employ 
of  the  Department  of  Agriculture  during  the  summer  of  1879,  at  Selma, 
Ala.    He  says : 

Owing  to  its  tongh  integument,  tho  pnpa  of  Aleiia  seems  to  be  freer  from  insect 
attack  than  the  larva  is,  yet  even  its  hard  skin  does  not  always  save  it.  About  tbe 
middle  of  August  I  first  noticed  what  appeared  to  be  an  anoniulous  preparation  for 
pupation  in  the  boll- worm  {HeliothU  annigera)^  for  I  found  several  full-grown  larvte 
of  this  species  with  leaves  closely  webbed  around  them^  precisely  as  Aletia  webs  np 
before  changing  to  a  pujia.  An  examination  of  one  of  these  leaves,  however,  showed 
me  that  tho  boll-worms  had  not  webbed  them  about  themselves,  but  had  insinuated 
themselves  into  leaves  folded  and  preoccupied  by  Aletia,  the  latter  having  already 
passed  into  the  pupa  state,  and  they  had  done  this  for  the  express  purpose  of  feeding 
on  these  pupa*.     Many  cases  of  this  sort  were  seen,  — 

Judge  Johnson  gives  the  following  very  interesting  account  of  tbis 
habit  in  his  report  of  observations : 

Though  almost  omnivorous,  Heliothis  larvss  are  essentially  pod  borers  and  seed 
eaters.  Tbey  wiU  take  to  anything  having  tho  appearance  of  a  pod.  This  is  curi- 
ously manifest  in  their  preference  for  the  chrysalides  of  other  Lepidoptera.  Tbe 
larger  worms  would  leave  everything  for  the  pup®  of  Aletia  when  they  were  plenti- 
ful. This  special  omnivorous  appetite  was  first  noticed  September  23,  in  company 
wUb  Professor  Jones,  whilst  we  were  experimenting  in  a  field  infested  with  Aletin. 
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TiMn  were  It— diwiftrf  the  f^V^  drr<*Tireid  ^^x  <v«zz>«  tzjtn^j  ihkX  V>TVik^  idi^  tiie  lufivr 
ad.  Mmch  of  tUs  vack  vb»  fivi^T  dose  ;  aiio  wb»i  ^<^  an^  c:i<iM-rf^  it.  Jt  f^v  d«rs 
preTioQili'y  I  was diipaaBd  to  ■HiiV«U'  it  to  a  sbx^I  K j»<k  or  daz^~h7>c»«-B  ^rrob  i$n|K 
posed  to  be  »  T<  h  |ilw  ■■X— y  of  w-bich  I  foimd  in  ibe  sev  ^y-nf  t^  duysalui^.  de> 
Toanng  the  reaains.  Bat  tlMto  vcs«  nt^^et  in  soi^ciriiT  nuinbej^  to  ac^wciit  for  ib^ 
destmctiOD  of  the  Aletur.  Ptofessor  Jcmr>  oc  il>e  c«<^:3^oii  jir.::i>ni  to  caii^bi  a  b«>l)> 
wofm  in  the  Teiy  act ;  and  I  haTe  ainoe  Tcri^Ml  ibrir  piv*peii>:TT  )tT  £i2«iii^  tbem  to 
prefer  this  diet  to  ewzj  other.  Further  obserration.  iht-nefone.  k^  wot  to  acquit  the 
little  Telephoridsof  initiating  the  robbefy.  TheT  <xilj  play  the  jackal  at  thi$  fNist ; 
the  Uon  they  follow  is  the  bcOl-waiK. 

Dr.  Anderson,  in  one  of  his  lettere,8ay8:  ^^AccoiDiuiDyiDg  this  I  $eud 
a  larva  {SeUatkig  orm^era)  foond  preying  upon  Aletia  larva  in  its  web, 
and  this  has  been  so  often  repealed  as  to  induce  me  to  think  it  may  be 
classed  among  those  destmcdve  to  Aletia.^ 

This  habit  was  also  observed  by  Mr.  Habhani  iu  Florida  and  by  Mr. 
Schwaiz  in  Alabama,  The  latter  states  that  it  was  more  often  the 
strongly  marked,  highly  striped  individuals  which  were  found  preying 
upon  the  Aletia  pnpte  than  any  other  variety. 

No  instance,  so  fair  as  we  are  aware,  have  been  noticed  or  recorded 
where  the  Boll  Worm  has  been  found  feeding  upon  Aletia  larvie  when 
free  upon  the  plant ;  but  in  the  breeding-cages  it  will  eat  almost  anything 
in  the  shape  of  a  Lepidopterons  larva,  no  matter  how  much  vegetable 
food  may  be  supplied  to  it.  An  interesting  instance  of  this  came  under 
our  notice  in  1882,  in  the  case  of*  a  larva  of  Heliothis  found  feeding 
upon  tomato  leaves,  which,  when  placed  in  a  breeding-cage  with  larvro 
of  Plusia  brasHoBy  found  upon  the  same  plant,  not  only  destroyed  the 
Plusia  larvae  in  preference  to  feeding  upon  the  fresh  tomato  leaves 
famished  to  it,  but  even  penetrated  a  newly  spun  cocoon  and  devoured 
a  larva  which  was  filled  with  specimens  of  Copidosoma  truneoMlum^ 
parasites  and  aU. 

The  length  of  life  of  the  larva  of  Heliothis  varies  of  course  with  the 
season  of  the  year,  and  also  with  the  state  of  the  weather.  According  to 
Dr.  O.  W.  Smith-Yaniz,  of  Csmton,  Miss.,  who  has  reared  the  worm 
from  the  egg  state,  it  occupies  from  egg  to  pupa,  in  the  month  of  Au- 
gust, twenty-one  days.  Prof.  B.  W.  Jones,  without  farther  qualification, 
places  it  at  from  fifteen  to  twenty  days,  and  Judge  W.  J.  Jones  states 
that  the  early  brood  in  com  spends  three  weeks  in  the  larva  state. 
The  only  detailed  statement  of  the  growth  of  the  worm  yet  published  is 
the  following,  taken  from  Glover  (1866) : 

A  Boll  Worm  which  was  bred  from  an  egg  foand  apon  the  involacre  or  **  ruffle  "  of 
a  flower-bnd  grow  to  rather  more  than  a  twentieth  of  an  inch  in  length  by  the  third 
<Uy,  when  it  shed  its  skin,  having  eaten  in  the  mean  time  nothing  bat  the  paren- 
chyma or  tender  fleshy  substance  from  the  outside  of  the  calyx.  On  the  fifth  day  it 
pierced  through  the  outer  calyx  and  commenced  feeding  inside.  On  the  sixth  day  it 
again  shed  its  skin,  and  had  increased  to  about  the  tenth  of  an  inch  in  length.  On 
the  tenth  day  it  again  shed  its  skin,  ate  the  interior  of  the  young  flower-bud,  and  had 
icrown  much  larger.    On  the  fourteenth  day  for  the  fourth  time  it  shed  its  skin,  at- 
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tacked  and  ate  into  a  yoang  boll,  and  had  increased  to  thirteen-t wentieths  of  an  inch 
in  length.  From  this  time  it  ate  nothing  bat  the  inside  of  the  boll,  and  on  the  twentieth 
day  the  skin  was  again  shed  and  it  had  giown  to  the  length  of  an  inch  and  one- tenth, 
bat,  anfortnnately,  died  before  completing  its  final  change. 

There  is,  however,  in  this  instance  something  of  an  abnormal  character 
in  addition  to  the  fact  that  the  measurements  of  the  early  stages  are  ob- 
vioasly  iusnfKcient.  The  growth  was  evidently  watched  in  a  breeding- 
cage,  and  perhaps  at  the  North. 

The  full-grown,  well-devel<^Qd  worm  averages  4«""  (1.  57  inches)  in 
length  and  about  T^"^  (0.  27  inch)  in  diameter.  On  arriving  at  full 
growth  the  worm  works  its  way  to  the  ground,  and,  choosing  a  spot 
where  the  earth  is  somewhat  compact  rather  than  Ipose  and  friable,  bur- 
rows beneath  the  surface  and  forms  a  subcylindrical,  straight  or  sloping 
gallery  to  the  depth  of  from  three  to  six  inches.  This  gallery  is  slightly 
closed  at  its  mouth  and  gradually  widens  towards  its  lower  end,  where  the 
worm  transforms  to  pupa. 

The  pupa  (Plate  lU,  Fig.  6). — ^The  old  and  generally  accepted  state- 
ment was  that  the  pupa  of  Heliothis  is  found  underground  in  an  oval 
cell  composed  of  particles  of  earth  held  together  by  a  loose,  gummy  silk. 
In  Illinois,  at  least,  Professor  French  has  found  that  the  winter  brood 
pupates  in  a  somewhat  different  way.  We  quote  from  his  article  in  the 
Frairie  Farmer  of  October  26, 1878 : 

When  the  larva  attains  its  growth  it  descends  to  the  ground,  into  which  it  goes  to 
pupate.  In  doing  this  it  usnaUy  selects  some  place  where  the  earth  is  rather  firm, 
seeming  to  prefer  the  security  a  compact  soil  can  give,  to  ease  In  digging. 

It  digs  a  hole  into  this  several  inches  in  depth  apparently  cementing  the  dirt  as  it 
goes  down,  so  that  when  it  reaches  the  desired  depth  there  is  a  smooth  channel  from 
the  hottom  to  near  the  surface,  there  being  a  thin  film  of  dirt  over  |;he  entrance. 

This  hole,  as  I  found  in  digging  about  corn-hills,  is  about  a  third  of  an  inch  in 
diameter,  larger  at  the  bottom  than  at  the  top,  apparently  so  as  to  give  free  motion  to 
the  chrysalis,  and  is  usually  bent  in  its  course  so  that  the  lower  part  would  have  an 
inclination  of  often  as  much  as  forty-five  degrees.  I  foiud  the  chrysalis  at  the  bottom 
of  this,  the  small  end  downward.  In  one  instance  I  found  a  hole  so  bent  that  the 
chrysalis  occupied  a  horizontal  position.  *  •  •  i  began  digging  for  the  ohrysalids 
in  November  in  a  field  where  the  worms  had  been  abundant  in  the  corn,  using  at  first 
a  spade  and  digging  at  random.  I  had  expected  to  find  them  in  oval  **  cocoons,^'  as 
they  were  supposed  to  make,  but  cutting  across  channels  in  which  I  afterwards  found 
ohrysalids  led  me  to  dig  a  little  more  carefnUy.  I  soon  found  that  by  running  the 
spade  along  the  row  and  and  taking  off  half  an  inch  or  loss  of  the  surface  I  could  tell 
where  every  chrysalis  was  to  be  found. 

The  presence  or  absence  of  this  smooth  coherent  tube  or  <^  channel," 
as  Professor  French  calls  it,  depends  greatly,  without  doubt,  upon  the 
fHability  of  the  earth  in  which  the  burrow  is  made,  as  extremely  loose 
earth  would  fall  in  upon  the  worm,  obliterating  the  tube.  The  ^^  oval 
cell"  is  nothing  more  nor  less  than  the  rounded  ending  of  the  tube,  and 
it  would  be  a  stretch  of  the  imagination  to  call  it  an  earthen  cocoon,  yet 
a  thin  film  of  silk  is  usually  to  be  seen  upon  the  walls. 

Deprived  of  all  earth,  we  have  known  the  Boll  Worm  to  pnpate 
nakedly  and  in  apparently  as  healthy  condition  as  though  the  surround- 
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ings  had  been  normal.  (See,  also,  report  of  Judge  Lawrence  C.  John- 
son, Rep.  Ent.,  Depi.  Ag.,  1881-'82,  p.  150.)  The  length  of  time  which 
Heliothis  remains  in  the  pupa  state  in  the  cotton  fields  in  midsummer 
varies  from  seven  to  ten  days.  In  spring  and  in  fall  the  time  may 
lengthen  to  fifteen,  twenty,  or  even  more.  Ordinarily  the  insect  goes 
on  propagating  till  frost,  but  occasional  instances  are  met  with  where  a 
pupa  wiU  remain  quiescent  from  early  in  September,  and  even  in  August, 
on  through  the  winter. 
The  pupa  may  be  described  as  follows: 

Length,  80°>"^  (0.8  inch) ;  color,  light  mahogany  brown,  darker  toward  head.  Head 
eovered  with  small,  fiiint  granulations  and  with  a  few  shallow  transverse  impressed 
lines  anteriorly ;  also  a  few  irregular  impressions  behind  the  eye ;  about  midway  frt>m 
the  posterior  angle  of  the  eye  and  the  posterior  border  of  the  head  is  an  impressed 
puncture,  from  which  a  short,  etiff  hair  arises ;  there  is  also  another  shallow  trian- 
gular impreaaion  on  the  medio-dorsal  line  near  the  posterior  border  of  the  head.  The 
whole  dorsal  surface  of  the  thoracic  joints  is  finely  punctate,  and  is  covered  with  irreg- 
ular, shallow,  impressed,  transverse  lines ;  the  metathoracic  joint  is  much  wrinkled 
dorsally.  The  surface  of  the  abdominal  joints  is  similarly  sculptured ;  the  anterior 
margins  of  joints  4  to  7  are  coarsely  punctured ;  Joint  4  has  but  few  punctures,  but  ou 
by  6  and  7  they  are  numerous ;  the  more  anterior  of  these  punctures  are  deep,  and  they 
extend  posteriorly  into  long,  shallow,  longitudinal  impressions ;  the  posterior  dorsal 
margins  of  each  of  these  joints  are  covered  with  dark-brown  granulations  of  differing 
forms.  The  other  joints,  except  the  last,  have  nothing  peculiar  in  their  structure ; 
the  last  joint  is  rounded  and  furnished  at  the  tip  with  two  long,  slender,  black  spines. 
Yentrally  the  last  and  the  penultimate  joints  have  each  a  deep  longitudinal  medial 
impressed  hne.    Wing,  leg  and  antennal  cases  covered  with  shidlow  punctures. 

GDfiE  DCAGO  (Pli^te  III,  Figs.  7,  8,  9}.— As  we  have  already  stated, 
HeUoihis  armigera  is  an  extremely  variable  species,  a-s  would  naturally 
be  exx>ected  from  its  multitudinous  food-plants  and  its  almost  unlimited 
distribution. 

In  general  color  the  moths  vary  from  a  dull  ocher-yellow.  to  a  dull 
olive-green.    The  two  extremes  are  well  shown  upon  the  plate  at  fig- 
urea  7  and  8.    In  these  figures  the  normal  type  of  markings  is  also 
shown,  but  in  this  respect,  also,  there  is  great  variation.    Many  individ- 
uals exhibit  almost  immaculate  front  wings,  while  in  others  the  typical 
markings  are  deepened  far  more  than  in  the  figures.    In  ageneral  expe- 
rience ooTering  some  twenty  years  with  this  moth,  as  found  in  corn-fields 
in  ttie  West,  and  covering  some  half-dozen  years  in  the  cotton-fields  of 
the  South,  we  belioTe  that  the  former  are  on  an  average  brighter  col- 
ored and  darker  than  the  latter.    The  markings  of  the  hind  wings,  al- 
thongh  much  more  constant  than  those  of  the  fore  wings,  vary  princi- 
pally in  the  breadth  and  depth  of  color  of  the  dusky  band  on  the  hinder 
itiargin,  and  in  the  size  of  the  light  spots  within  this  band.    With  the 
figured,  and  the  description  already  quoted  (p.  358)  of  the  form  called 
Mmbrasus  no  more  extended  popular  characterization  of  the  moth  will 
l>e  necessary. 

The  position  of  the  moth  when  at  rest  is  characteristic^  or  at  le^js^t 
4istanguifibe»  it  radically  from  Aletia.    The  latter ,  it  ^\i\\)^t^m<^\£^T^^^L^ 
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holds  its  win^^s  tightly  closed,  roof-shaped,  over  its  back,  ouly  the  fore 
wings  being  visible;  the  former,  on  the  contrary,  carries  its  wings 
slightly  elevated,  and  also  slightly  open,  so  that  a  portion  of  the  abdo- 
men and  of  the  hind  wings  can  be  plainly  seen,  as  Is  shown  at  figure  9 
of  the  plate,  which,  as  also  the  corresponding  figures  of  the  Cotton 
Worm  moth,  were  sketched  by  us  from  nature  in  the  field. 

In  passing  through  a  cotton-field  or  an  a4Joining  patch  of  cow-peas 
J  during  the  day  any  number  of  Boll  Worm  moths  will  be  fiushed  and  will 
fly  away  with  that  blind,  quick,  darting  motion  common  to  nearly  all 
Noctuids  in  the  broad  light  of  day.  At  night-time,  however,  their  flights 
are  longer.  Judge  Johnson  says :  ^^  They  seem  to  prefer  to  bide  in  the 
cow-peas  and  in  the  clover — when  these  grow  near — and  may  be  seen 
about  sunset  sucking  the  honey  secretions  of  flower-stems  of  peas,  and 
dipping  into  the  blossoms  of  clover."  Their  regular  flight  begins  at  sun- 
down, or  shortly  thereafter,  and  they  feed,  in  addition  to  the  plants 
already  mentioned,  on  the  nectar  of  the  cotton  plant  and  of  the  coffee- 
weed,  and  also  on  other  nectar-secreting  plants. 

On  one  occasion  Mr.  Schwarz  found  the  moth  feeding  in  the  middle 
of  the  day  upon  a  blossom  of  Selefiiium  tefmifoUwm. 

In  feeding,  the  behavior  of  the  moths  is  much  like  that  of  Aletia,  the 
antennae  being  kept  in  almost  constant  vibration.  They  have  also  been 
observed  to  hover  before  a  gland,  steadying  themselves  with  their  fore 
legs.  When  at  rest  and  sucking  nectar,  as  before  stated,  they  do  not 
fold  the  wings  like  Aletia,  but  keep  them  raised  and  partly  open.  The 
tip  of  the  maxillae  or  haustellum  is  armed  much  as  in  the  Cotton  Worm 
moth,  save  that  the  point  is  not  so  sharp  and  the  penultimate  portion 
is  not  so  strongly  barbed.  We  have  heard  no  authenticated  account  of 
damage  perpetrated  by  the  Boll  Worm  moth,  but  the  similar  armature 
of  the  maxillae  plainly  indicates  that  it  is,  or  has  once  been,  the  habit  of 
the  moth  to  pierce  the  skins  of  firuit. 

NTTHBEB  OF  BROODS. 

It  is  impossible  to  speak  with  any  degree  of  defiiniteness  concerning 
the  number  of  annual  broods  of  the  Boll  Worm  in  the  Southern  cotton- 
fields.  A  confusion  of  generations  begins  very  early  in  the  season,  and 
we  soon  find  the  worms  in  the  field  in  all  stages.  Accidental  circum- 
stances may  favor  the  development  of  the  descendants  of  one  moth 
and  retard  that  of  another.    Generation  after  generation  is  produced 

\  until  the  approach  of  cold  weather,  and  consequently  much  depends  on 
the  length  of  the  season.    The  average  length  of  time  occupied  by  the 

\  insect  in  all  of  its  transformations  is,  say,  thirty -eight  days,  and  this, 
allowing  from  the  15th  of  April  to  the  middle  of  October  as  the  active 
period  of  its  life,  would  give  us  five  broods.  This  is,  so  far  as  we  can 
ascertain  from  actual  observation,  the  normal  number  throughout  the 
more  southern  portions  of  the  cotton  belt. 
Ab  we  liave  already  stated  wwde^t  tlv^  bead  of  food-plants,  the  first 
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thiee  broods  feed  usually  in  corn-fields.  The  first  brood  makes  its  ap- 
pearance aboat  the  1st  of  May  or  a  little  before,  and  feeds  almost 
exclasively  upon  the  leaves  and  terminal  buds  of  corn.  The  second 
brood,  appearing  in  early  June,  feeds  upon  the  tassels  and  forming  ears; 
sftnd  the  third  brood,  which  corresponds  nearly  with  the  second  brood 
at  the  North,  appears  in  July  and  feeds  upon  the  hardening  corn,  bor- 
xng  through  the  husks  and  pupating  underground,  as  its  predecessors 
liave  done.  At  the  time  of  the  appearance  of  the  next  brood,  however, 
'tihe  kernels  of  corn  Jiave  become  hard,  and  in  preference  the  moths 
oviposit  upon  cotton,  which  at  this  time  bears  many  bolls  of  a  saffl- 
cjiently  tender  age.  Previous  to  this,  however,  worms  will  have  been 
:f6und  upon  cotton  which  have  attained  their  full  growth,  with  no  other 
Ibod  than  the  leaves  and  flowers  of  this  plant.  These  cases  are,  how- 
ever, exceptional,  although  by  no  means  very  rare.  Other  crops  on  the 
plantation  suffer  from  these  worms  during  the  early  part  of  the  season, 
and  in  speaking  of  the  early  corn-feeding  habits  we  are  treating  only 
of  the  bulk  of  the  brood. 

The  first  time,  then,  thalf  the  Boll  Worms  are  to  be  seen  in  force  upon 
cotton  is  about  the  first  of  August,  and  these  worms  are  usually  repre- 
sentatives of  the  fourth  brood.  Our  observers  are  unanimous  in  stating 
that  from  this  point  there  are  two  broods  on  cotton,  the  second  brood  be- 
ginning about  the  second  or  third  week  in  September  and  entering  the 
ground  to  pupate  from  the  first  to  the  middle  of  October.  Occasionally  the 
final  transformation  for  the  season  may  take  place  considerably  earlier. 
Thus  Dr.  G.  W.  SmithVaniz  has  reported  a  worm  which  entered  the 
ground  September  22  and  remained  in  the  pupa  state  all  winter.  Nor- 
mally, in  fact,  the  Boll  Worms  disappear  some  time  before  the  Cotton 
Worms  do.  Here,  again,  in  treating  of  the  last  two  broods  upon  cotton 
we  speak  only  of  the  bulk  of  the  brood,  for  some  few  larvaj  are  always 
to  be  found  feeding  upon  the  hard  kernels  of  corn  until  late  in  the  Fall. 
If,  as  we  have  stated,  there  are  three  normal  broods  a  year  as  far 
north  {18  New  Jersey,  Ohio,  and  Northern  Illinois,  then  in  South  Caro- 
lina, North  Georgia,  Tennessee,  and  Arkansas  there  are  probably  four 
broods,  and  as  many  as  six  in  South  Texas  and  Florida. 

HIBEBNATION. 

There  can  be  no  doubt  whatsoever  that  the  normal  method  of  hiberna- 
tion is  in  the  pupa  state.  We  have  already  described  the  pupa  cell,  and 
given  the  dates  for  the  disappearance  in  the  fall  and  the  appearance 
of  the  moths  in  the  spring ;  so  little  more  need  be  said  under  this  head. 
Concerning  the  moths  which,  induced  by  a  warm  autumn,  issue  too  late 
to  find  food  for  their  progeny,  we  are  at  a  loss  to  say  what  becomes  of 
them.  Judging  from  analogy,  it  would  seem  as  if  there  were  nothing 
to  prevent  them  from  hibernating ;  yet  the  fa.ct  remains  that  among  the 
enormous  number  of  moths  either  captured  by  us  or  our  assistants,  or 
sent  to  us  by  correspondents,  during  the  past  font  ^^aTft^«i%\iC\\i^T\\^\\\v 
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Aletias,  there  has  not  been  a  single  Heliothls.  In  a  warm  fall  the  mothB 
have  been  known  to  issue  during  the  month  of  November ;  but  whether 
these  individuals  die  or  exceptionally  hibernate  is  as  yet  an  undecided 
point.  Our  former  statement  (Third  Missouri  Entomological  Beport,  p. 
107*)  as  to  the  hibernation  of  moths  was  made  after  observations  dur- 
ing a  late  fall,  when  most  of  our  specimens  issued  before  winter,  and  we 
erroneously  took  this  exceptional  occurrence  for  the  rule. 

SUMMARY  OF  THE  DISTINOUISHINa  POINTS  OOMPABED  WITH  ALEXIA. 

The  most  salient  points  of  difference  between  the  Gotton  Worm  and 
the  Boll  Worm — those  which  will  enable  the  planter  to  most  readily 
distinguish  between  the  two  insects  at  any  stage  of  growth — may  be 
briefly  summed  up  as  follows : 

Egg. — ^The  egg  of  the  Aletla  is  of  a  delicate  bluish-green  color,  while 
that  of  the  Heliothis  is  dirty  white.  Although  the  two  eggs  are  of 
about  the  same  transverse  diameter,  the  Aletia  egg  is  very  flat,  while 
that  of  Heliothis  is  conical,  its  longitudinal  being  equal  to  the  transverse 
diameter.  Dr.  Phares  has  neatly  expressed  the  difference  in  shape  by 
likening  the  egg  of  Heliothis  to  an  inverted  tea-cup,  and  that  of  Aletia 
to  an  inverted  saucer. 

Larva. — The  full-grown  Boll  Worm  is  somewhat  longer  and  much 
thicker  than  the  full-grown  Gotton  Worm.  It  early  loses  the  looping 
method  of  locomotion,  which  to  a  certain  extent  persists  throughout 
life  with  Aletia.  The  reason  for  this  is  that  the  front  pair  of  prolegs 
(on  the  third,  abdominal  joint)  is  well  developed  in  Hf  liothis,  while,  as 
we  have  already  seen,  it  is  atrophied  in  Aletia.  The  differences  in 
the  normal  markings  are  well  shown  upon  the  plates,  yet  certain  of  the 
young  Boll  Worms  so  closely  resemble  Gotton  Worms  that  some  other 
distinguishing  character  than  that  of  stripes  is  needed.  This  character 
is  to  be  found  in  the  piliferous  tubercles  on  the  back  of  both  larvsB.  Of 
these,  in  each  species,  there  are  four  upon  the  upper  side  of  each  ab- 
dominal joint.  In  Aletia  these  four  spots  form  the  comers  of  a  rec- 
tangle. In  Heliothis,  however,  the  posterior  two  are  more  widely  sepa- 
rated than  the  anterior  pair,  so  that  the  four  form  a  sort  of  trapezoid. 
This  character  is  absolutely  constant. 

Pupa — The  pupa  of  Heliothis  is  always  found  beneath  the  surface  of 
the  ground  ;  that  of  Aletia  is  always  above  ground  and  usually  inclosed 
in  a  nest  of  silk  and  enveloped  in  a  leaf.  The  pupa  of  Aletia  is  slender, 
usually  dark  brown  or  almost  black  in  color,  and  has  a  dull  app^earance. 
The  papa  of  Heliothis,  on  the  other  hand,  is  stout,  light  brown  in  color, 
and  is  smooth  and  shining.  The  abdomen  of  the  pupa  of  Aletia,  as  has 
already  been  shown,  is  elongated  and  bears  on  its  tip  six  delicate  ex- 

*MoBt  of  the  moths  issue  in  the  fall  and  hibernate  as  Buch,  but  some  of  them  pa#8 
the  winter  in  the  chrysalis  state,  and  do  not  issue  till  the  foUowing  spring.  I  have 
known  tlioni  to  isstie  in  this  latitude  (38^°  north)  after  the  Ist  of  NoT«mber,  when  no 
frost  had  previously^  occurred. 


THE   BOLL   WORM NATURAL   ENEMIES.  375 

curved  spines.    The  pnpa  of  Heliothis  at  the  extremity  of  its  abdomen 
18  ronuded  and  bears  two  long,  straight,  slender  spines. 

Adult. — The  differences  between  the  two  moths  are  so  well  marked 
and  so  easily  seen  by  a  glance  at  the  plates,  that  it  seems  annecessary  to 
particularize.  The  Heliothis  is  a  larger  and  stouter  bodied  moth  than 
^leda,  although  the  wing  expanse  is  but  slightly  greater.  Aside  from 
the  differences  in  color  and  markings,  which  are  so  plainly  perceptible  in 
two  cabinet  specimens  placed  side  by  side,  the  Heliothis  may  usually 
l>e  distinguished  either  at  rest  or  during  flight  by  the  conspicuous  black 
band  on  the  hinder  border  of  the  hind  wings,  which,  as  we  have  already 
seen,  is  partly  shown  by  the  slight  lifting  of  the  front  wings,  even  when 
the  moths  are  at  rest. 

NATURAL  ENEMIES. 

The  natural  enemies  of  the  Boll  Worm,  so  far  as  they  have  been  ob- 
served, are  almost  identical  with  those  of  Aletia.  Among  the  verte- 
brates Bats  have  been  seen  to  catch  the  moths  on  the  wing  at  night 
and  devour  them,  and  the  smaller  animals  mentioned  in  the  chapter  on 
the  natural  enemies  of  Aletia  feed  upon  Heliothis  as  well.  Domestic 
poultry  seem  to  have  no  preference  as  between  the  two  worms.  The  fol- 
lowing evidence  of  the  good  offices  of  poultry  is  from  Judge  Johnson's 
report: 

Bat  of  aU  birds  the  most  effectual  I  have  found  are  domestic  turkeys  and  chickens. 
Torkeys  range  through  a  cotton  field,* looking  up  into  the  leaves,  and  well  hid  must 
lie  the  worm  they  do  not  find.  Their  value  has  long  been  known  in  tobacco  fields. 
Ohickens,  on  the  other  hand,  not  so  good  after  the  worms,  are  exceedingly  active  in 
I^ursuit  of  moths. 

When  two  small  fields  near  me,  and  daily  visited  this  summer,  became  naturally 
l^lanted  with  Aletia  the  last  of  August  and  Ist  of  September,  the  neighboring  turkeys 
^JUdd  chickens  were  there  from  morning  till  evening.  They  never  sdlowed  Aletia  to 
^et  more  than  half  grown.  Even  when,  on  the  20th  of  September,  I  brought  hun- 
^Ireds  of  Aletia  larvie  into  one  of  them  for  experiments  with  pyrethrum,  the  turkeys 
Wanted  them  out  with  superior  interest  and  eyesight.  In  a  few  hours  none  were  left, 
except  two,  which  were  old  enough  to  web  up  before  they  were  found  out. 

How  they  should  find  the  Boll  Worms  so  often  I  do  not  know.  But  as  a  fact  it  was 
^ain  for  me  to  mark  stalks  with  young  Heliothis  upon  them  for  future  observations. 
*rhe  turkeys  were  there  from  morning  until  night,  and  Heliothis  did  not  dare  to 
«how  his  nose,  as  he  often  does  at  the  close  of  day,  without  danger  from  these  vigi- 
lant guards.    Practically  I  was  compelled  to  cage  all  I  proposed  to  watch. 

To  the  great  planting  interest  these  foots  can  be  of  little. value.  It  would  require 
fiocks  of  immense  cumbers  and  to  be  herded  about  over  the  fields,  to  accomplish  any- 
thing proportionate  to  what  is  above  related  of  small  patches  near  habitations. 

Probably  all  insectivorous  birds  nesting  in  the  South  assist  in  the 
destruction  of  Heliothis.  As  a  matter  of  fact,  however,  but  few  observa- 
tions have  actually  been  made.  The  King  Bird  or  Bee  Martin  {Tyran- 
nu8  carolinensis  Baird)  has  been  especially  mentioned  by  several  observ- 
er^,  as  also  the  Mocking  Bird  {Mimus  polyglottu%  Boie).  Concerning 
these  two  birds  Mr.  Glover  has  said : 

Insectivorous  birds  also  serve  as  very  useful  agents  in  the  diminution  of  the  Boll 
Worm.    In  proof  of  this  fact  I  will  state  that  I  hjuve  seen  s^  k\ug-\>vi^^  ot  \i^^-is\^tMva.x 
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chase  and  capture  a  Boll  Worm  moth  not  ten  paces  from  where  I  stood,  and  which  I 
was  in  pursuit  of  at  the  same  time;  also,  that  some  young  mocking-birds,  keptin 
their  nests  near  an  open  window,  were  fed  daily  by  their  parents  with  insects,  among 
which  were  quantities  of  the  Boll  Worm  moth,  as  was  proved  by  the  ground  under- 
neath being  strewn  with  their  dissevered  wings. 

In  addition  to  these  we  may  mention  particularly  the  Bine  Bird  {Sia- 
lia  sialis  Baird),  the  Orioles  (Icterus  haltimare  Dandin  and  J.  spurius 
BoDap.),  and  the  Qaail  {Ortyx  virginianus). 

With  regard  to  the  predaceons  insect  enemies  we  need  hardly  do  more 
than  refer  back  to  the  corresponding  foes  of  Aletia.  Mr.  Olover  has 
given  an  accoant  of  a  small  spider,  probably  a  Theridioid,  which  feeds 
upon  yonng  Boll  Woims  as  they  are  piercing  the  involucre,  making  its 
nest  between  the  involucre  and  the  boll.  Professor  Jones  has  mentioned 
spiders,  Ladybird  larv»  {OoccineUidas)j  Acanthocephala  fenwrata^  the 
Wheel  Bug  {PrumottLg  cr%stat%is\  the  Spined  Soldier-bug  {Poditug  gpimh 
9%u)^  and  the  Tiger-beetles  {Cic%ndel%d4JB),  Several  of  the  commoner  spe- 
cies of  Ground-beetles  destroy  the  worms  as  they  enter  the  ground  to 
pupate. 

With  regard  to  Ants  the  evidence  is  contradictory.  Professor  Jones 
says:  <<  I  never  have  seen  ants  eating  them  [the  Boll  Worms]  in  any 
state,  until  they  had  been  killed  or  injured  by  some  other  agent,  or  had 
died,  except  when  the  worms  were  confined  in  jars ;  even  this  was  a  very 
rare  occurrence.  I  think  I  observed  it  but  twice,  and  both  these  in- 
stances were  at  my  residence.  Ko  instance  occurred  in  the  laboratory 
where  my  work  was  done.'^ 

Mr.  Trelease,  however,  details  a  contrary  experience  in  his  report  mad^ 
to  Professor  Comstock  in  1879,  as  follows : 

Like  the  Cotton-caterpiUar,  the  BoU  Worm  is  more  abundant  in  wet  than  in  di^^ 
places ;  at  least,  snch  was  my  experience,  and  it  is  also  said  to  do  better  in  wet  thazk. 
in  dry  seasons.  This  is  readily  explained  by  the  hostility  of  ants,  w}iioh 
abnndani  in  dry  than  id  wet  places,  and  in  fair  than  in  rainy  seasons. 

Early  in  Jnne  several  half-grown  ^  bnd- worms"  were  coUeoted  on  Indian  com 
transferred  to  cotton-plants  with  a  view  to  watching  their  actions.  Care  was  tak«i» 
to  place  them  upon  plants  on  which  there  were  no  ants.  Seating  myself  beside  them, 
I  awaited  developments.  At  first  they  evinced  no  desire  to  do  more  than  oonce^ 
themselves  beneath  the  leaves  from  the  glare  of  the  sun.  But  it  was  not  long  beibie 
a  stray  ant  appeared  on  the  plant,  and,  finding  the  larva,  proceeded  to  ran  lonnd  and 
roond  it,  biting  it  whenever  it  conld. 

Soon,  however,  finding  that  nnaided  it  conld  do  little,  the  ant  left  the  plan%  and, 
after  watching  it  a  short  time,  I  lost  sight  of  it ;  bnt  in  a  few  minutes  it  retnzned  ac- 
companied by  several  others  of  the  same  species.  In  a  little  while  the  worm  was  so 
worried  that  it  fell  from  the  plant,  and  was  soon  killed  and  carried  off  by  its  torment- 
ors, which  followed  it  to  the  ground. 

Several  times  I  saw  this  repeated,  the  Boll  Worm  being  kiUed  in  each  case  within  an 
hour  after  the  time  when  they  were  placed  on  the  cotton.  The  black  ant  was  also 
seen  to  kill  these  larvse  upon  several  occasions,  and  once  or  twice  when  the  worms  had 
not  been  interfered  with  by  me. 

The  truth  of  the  matter  probably  is  that  certain  species  of  ants  de- 
vour the  eggs  and  young  of  the  Boll  Worm,  as  well  as  an  occasional 
full-grown  specimen  with  the  same  avidity  that  the^  do  Aletia, 
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Under  this  head  of  predaceoas  enemies  we  may  properly  mention  He- 
liothis  itselfy  bnt  we  have  already  given  particnlars  of  its  cannabalistic 
habits. 

It  was  thought  for  a  long  time  that  the  Boll  Worm  was  absolutely 
free  fiK>in  true  parasites,  but  this  has  been  proved  untrue.    Three  spe- 
cies of  parasites  have  been  bred  and  undoubtedly  more  will  be  found. 
In  1872  we  bred  Tuchina  a/Mmyma  Biley  firom  Heliothis  armigeroy  and 
mentioned  the  fact  in  a  foot-note  to  page  129  of  our  Fourth  Missouri 
Entomological  Bei>ort.    In  1879  the  species  of  Tachina  which  we  have 
described  as  Tachina  aletias  {Gaiuidian  Entomologist^  XI,  p.  162),  and 
which  is  also,  as  the  name  implies,  an  important  parasite  of  Aletia,  was 
bred  at  the  Department  from  a  Boll  Worm  collated  at  Selma,  Ala.,  by 
Mr.  Trelease.    The  white  eggs  of  this  Tachina  have  also  been  observed 
by  Mr.  Hubbard  at  Crescent  Gity,  Fla.,  by  Judge  Johnson  at  Holly 
Springs,  Miss.,  and  by  Prof.  B.  W.  Jones  at  Oxford,  Miss.    The  latter 


Ib  the  latter  part  of  the  season  a  great  many  larvae  of  Heliothis  and  Aletia  bore  a 
^vvhite  egg  which  was  fonnd  to  be  Tachina.  In  some  instances  the  moths  hatched  out 
x^ot  withstanding  the  eggs  of  the  parasite.  In  other  cases  the  chrysalis  was  destroyed 
l>y  the  grab ;  the  latter  was  generaUy  the  case.  Sometimes  as  many  as  five  eggs  of 
would  be  fonnd  on  one  larva  of  Heliothis  or  Aletia ;  more  generally  on  Ale- 
than  Heliothis.  This  Tachina  most  be  an  exceedingly  fonnidable  enemy  of  both 
.Aletia  and  Heliothis. 

It  is  interesting  to  note  that  Tachina  eggs  were  obs^erved  on  Boll 
"Worms  many  years  ago.  Mr.  «f.  W.  Boddie,  writing  in  1850,  says  (see 
bibliographical  List):  ''I  cannot  accoant  for  their  disappearance,  for 
t^e  sedson  was  favorable.  They  may  have  been  destroyed  by  some  of 
t.he  IchnenmonidsB  family,  perhaps  the  white  oblong  dots  we  saw  on  them. 
I  never  saw  them  on  the  first  brood  or  their  eggs." 

The  remaining  parasite  is  also  one  which  is  common  to  Aletia.  It  is 
the  Trichogramma  egg-parasite,  Trichogramma  pretiosa  Biley  (see  page 
102).  It  was  bred  by  Mr.  Hnbbard  from  the  eggs  of  Heliothis  at  Ores- 
cent City,  Fla.,  and  the  specimens  sent  were  accompanied  by  the  note: 
"Eggs  of  both  Aletia  and  Heliothis  parasitized  tnrn  black  on  or  by  the 
second  day;  the  Ghalcids  disclose  abont  7  or  7^  days  from  the  time  the 
eggs  are  stnng."  The  only  point  in  which  the  parasitism  of  the  eggs 
of  the  Heliothis  will  be  found  to  differ  from  that  of  Aletia  eggs  is  that, 
owing  to  its  greater  capacity,  the  egg  of  Heliothis  will  probably  sus- 
tain more  of  the  parasites. 

BEMEBIES. 

Under  the  head  of  remedies  we  may  briefly  mention  in  the  first  place 
two  plans  which  have  had  strong  advocates  for  many  years.  These  are 
topping  the  cotton  and  rotation  of  crops'.  The  first  of  these  plans  has 
been  followed  by  many  planters,  but  it  is  an  easy  matter  to  show,  as  has 
been  done  with  Aletia,  that  the  number  of  eggs  laid  upon  the  part  of 
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the  plant  which  is  removed  in  the  process  of  topping  is  so  small  pro- 
portionally that  their  destruction  will  not  pay  for  the  labor  expended. 
With  corn,  topping  might  occasionally  be  of  some  avail,  as  it  tends  to 
hasten  the  maturing  of  the  ears,  rendering  them  distasteful  to  the  worms. 

Any  one  who  has  read  the  long  and  varied  list  of  food-plants  which 
we  have  already  given  will  at  once  see  the  objection  to  the  adoption 
of  rotation  of  crops  as  a  remedy.  With  food-plants  so  numerons,  a 
cessation  in  the  growth  of  one  of  them,  even  though  it  were  the  prin- 
cipal one,  could  make  no  very  important  difference  in  the  numbers  of 
the  Boll  Worms.  Still  many  writers  have  urged  this  as  a  sure  prevent- 
ive, and  it  is  a  curious  fact  that  a  correspondent  of  the  SotUhem  Culti- 
vator a  number  of  years  ago  proi>o8ed  com  as  a  most  excellent  crop  to 
rotate  with  cotton,  never  suspecting  the  identity  of  the  Com  and  Boll 
Worms, 

Early  planting. — In  our  Third  Report  on  the  Insects  of  Missouri, 
we  expressed  the  opinion  that  corn  planted  very  early  and  very  late  is 
more  apt  to  be  badly  infested  than  that  planted  moderately  early  and 
moderately  late,  the  early-planted  crop  being  infested  by  the  first  brood 
and  the  late  by  the  second  brood.  Professor  French,  however,  in  the 
Seventh  Illinois  Entomological  Beport,  has  detailed  a  contrary  expe- 
rience, in  which  late-planted  com  fared  badly  while  the  early  crop  es- 
caped. In  a  bad  worm  year  our  rule  would  undoubtedly  hold  goodf 
but  in  an  ordinary  season,  if  the  corn  is  planted  early  and  forced  to 
early  maturity,  the  ears  will  have  become  hard  before  the  second  brood 
has  made  its  appearance,  the  first  bi1k)d  not  being  sufficiently  numer- 
ous to  do  any  marked  damage. 

Low  OOBN  vs.  HIGH  OOBN. — In  the  Pacific  Rural  Press  for  September 
13, 1879,  Professor  French  put  forth  the  following  idea: 

I  hare  fonnd  for  the  past  two  years  that  where  there  were  two  yarieties  of  com 
growing  near  each  other,  the  one  tall,  with  ears  five  or  six  feet  from  the  gpround,  and 
the  other  short,  the  tall  com  wonld  be  free  from  worms,  while  the  other  wonld  have 
from  50  to  60  per  cent,  of  the  ears  waving.*  Where  the  tall  com  has  been  growing  by 
itself  there  are  nsnally  some  worms  in  the  ears,  bnt  not  so  many  as  in  fields  of  a  low 
Tariety.  The  reason  of  this  seems  to  be  in  the  fact  that  the  parent  moth  does  not  fly 
above  3  or  4  feet  high  if  it  can  find  suitable  places  for  depositing  the  eggs.  Probably 
every  one  familiar  with  the  moth  has  noticed  that  when  disturbed  or  drawn  from  its 
retreat  in  the  day-time,  the  moth  starts  np  from  some  place  not  more  than  2  or  3 
ftet  from  the  groand.  Now  it  is  evident  from  these  points  that  if  a  kind  of  sweet 
com  can  be  had  growing  tall  enough  so  that  its  ears  shall  be,  say,  5  feet  from  the 
ground,  and  small  patches  of  some  low-growing  kind  be  planted  near  this,  the  tall  kind 
will  be  unmolested  while  the  eggs  will  be  deposited  in  the  ears  of  the  low  variety, 
thus  securing  corn  for  the  market  without  worms.  The  low  kind,  while  not  fit  for 
market,  need  not  be  a  perfect  loss,  for  it  can  be  fed  to  stock,  probably  being  worth 
enough  for  that  use  to,pay  for  its  culture. 

Fall  plowing. — In  those  localities  where  the  temperature  faUs  low 
enough  every  winter  to  fireeze  the  ground  to  the  depth  of  six  inches,  or 
even  less,  late  fall  plowing  will  undoubtedly  destroy  most  of  the  hiber- 

'  The  wavy  appearance  of  the  shriveled  husk  is  here  alluded  to. — C.  Y.  R. 
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natingchrysalids.    Professor  French  has  experimented  apon  this  point, 
and  we  quote  his  results  from  the  Prairie  Farmer  for  October  26, 1878 : 

To  see  what  effect  freezing  would  have  nponthe  chrysalids  uuder  different  circnm- 
BtanoM  I  obtained  quite  a  number  the  fore  part  of  last  December  and  treated  them 
u  follows,  numbering  the  different  lots  for  conyenieDce :  No.  1  I  put  in  loose  dirt, 
moistened  a  little  and  allowed  to  freeze ;  No.  2  were  put  in  loose  dirt  of  ^ihe  samo 
ohmcter,  kept  slightly  moist,  but  were  not  allowed  to  freeze ;  No.  3  were  placed  in 
•egments  of  the  smooth  cells  or  holes  from  which  they  hod  be^  taken,  the  dirt  of  the 
oellfl  kept  as  moist  as  vrhen  taken  from  the  field,  but  no  loose  dirt  allowed  to  get  into 
the  cells  round  the  chyrsalids,  and  they  were  allowed  to  freeze ;  No.  4,  were  treated  in 
the  same  way,  but  were  not  aUowed  to  freeze ;  No.  5,  were  cared  for  in  aToom  of 
iboQt  the  same  temperature  all  winter  and  in  a  way  best  adapted  to  keep  them  from 
monldiiig. 

After  a  few  hard  freezes,  and  the  temperature  had  becomo  milder,  an  examination 
of  lots  1  and  3,  that  had  been  aUowed  to  freeze,  showed  tha.t  aU  of  lot  one  were  dead,  but 
Done  of  lot  3.  Lots  2,  3, 4  and  5  were  then  placed  side  by  side  and  cared  for  alike 
the  rest  of  the  winter,  so  far  as  moisture  and  f«mi>erature  were  concerned,  but  after  a 
while  those  of  lot  2  were  takien  out  of  the  dirt  and  cared  for  the  same  as  lot  5.  These 
began  hatching  May  27,  of  last  spring,  and  continued  to  come  out  till  July  29,  and 
I  ooold  not  see  as  any  greater  per  cent,  of  lot  5,  that  had  been  weU  cared  for  all  the 
time,  hatched,  than  2  or  3. 

^m  the  effect  of  freezing  upon  those  that  had  been  mixed  with  moist  earth,  the 
coDclnsion  was  inevitable  that  fall  plowing  followed  by  fall  rains  and  winter  freezing 
would  produce  the  same  result,  for  the  plowing  must  break  up  their  smooth  cells  and 
Allow  them  to  become  surrounded  by  the  loose  soil  which  when  wet  sticks  to  them. 
If  frozen  in  this  condition  they  are  evidently  easily  kiUed,  but  so  long  as  their  ceUs 
leioain  entire  no  amount  of  freezing  under  ordinary  circumstances  seems  to  injure 


This  evidence  seems  very  satisfactory,  and  in  the  northern  part  of  the 
cotton  belt  at  least,  as  well  as  in  the  great  corn-growing  regions  of  the 
We8t,  fall  plowing  will  undoubtedly  prove  an  excellent  remedy.  In  the 
m^or  part  of  the  cotton  belt,  however,  something  else  is  needed. 

Destruction  of  the  moths. — Lights  and  poisoned  Sweets. — These 
^edies  have  been  fnlly  discussed  under  the  head  of  Aletia,  and  the 
reasons  for  their  apparent  want  of  success  given.  Testimony  is  not 
wanting  as  to  their  efficacy  with  Heliothis.  Mr.  Schwoxz,  in  one  of  his 
letters  from  Texas,  describes  a  simple  trap-lantern  used  by  planters  in 
tte vicinity  of  Hearne,  Tex.,  the  use  of  which  "proved  most  effectnal 
against  the  ravages  of  the  Boll  Worm,  which  in  1877  did  more  harm  here 
than  Aletia,  and  which  was  killed  in  great  numbers  by  this  method.'* 
Btperiments  made  by  Mr.  Schwarz  during  the  summer  of  1879  at  Colum- 
bus, Tex.,  where  twenty  lamps  were  watched  and  the  captures  tabulated, 
showed  that,  although  not  so  abundant,  the  moths  of  Heliothis  were 
more  readily  attracted  by  the  lamps  than  Aletia>,  and  more  were  caught 
in  this  way.  It  must  be  remembered,  however,  in  experiments  of  this 
Und,  that  a  large  proportion  of  the  moths  captured  are  males,  or  females 
which  have  already  deposited  their  eggs.  Mr.  Crane,  of  Mandarin,  Fla., 
who  lost  in  1878  a  large  proportion  of  his  crop  of  tomatoes  by  Helio- 
ftia,  in  1879  built  fires  of  light  wood  in  his  field  with  much  profit. 
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A  mnrked  example  of  the  benefit  of  poisoned  sweets  is  the  experienc< 
of  Colonel  Sorsby,  as  given  in  the  Department  of  Agricalture  Report  fo: 
1856: 

We  procured  eighteen  common-sized  dinner  platoa,  into  each  of  which  we  pot  hal 
a  gill  of  vinegar  and  molasses,  previously  prepared  in  the  proportion  of  four  parts  q 
the  former  to  one  of  the  latter.  These  plates  were  set  on  small  stakes  or  poles  dri  vei 
intio  the  ground  in  the  cotton-field,  one  to  about  each  three  acres,  and  reaching  a  littl 
above  the  cotton-plant,  with  a  six-inch  square  board  tacked  on  top  to  receive  th 
plate.  These  arrangements  were  made  in  the  evening,  soon  after  the  fiiee  had  mad 
their  appearance;  the  next  morning  we  found  eighteen  to  thirty-five  moths  to  eac] 
plate.  The  experiment  was  continued  for  five  or  six  days,  distributing  the  plates  bve 
the  entire  field,  each  day's  success  increasing,  until  the  numbers  were  reduced  to  tw 
or  three  moths  to  each  plate,  when  it  was  abandoned  as  being  no  longer  worthy  of  th 
trouble.  The  crop  that  year  was  but  very  little  injured  by  the  Boll  Worm.  The  flie 
were  caught  in  their  eagerness  to  feed  upon  the  mixture  by  alighting  intoitandbeiD; 
unable  to  escape.  They  were  probably  attracted  by  the  odor  of  the  preparation,  th 
vinegar  probably  being  an  important  9gent  in  the  matter.  As  the  flies  feed  only  a 
night,  the  plates  should  be  visited  late  every  evening,  the  insects  taken  out,  andtfa 
vessels  replenished  as  circumstances  may  require.  I  have  tried  the  experiment  wit 
results  equally  satisfactory,  and  shall  continue  it  until  a  better  one  is  adopted. 

The  devices  which  have  been  invented  for  entrapping  night-fljiiii 
moths,  as  well  as  the  compound  for  attracting  them,  have  already  bee 
discussed  in  Chapters  X  and  XIII,  and  additional  remarks  upon  thes 
remedies  will  be  unnecessary. 

HAND-piOKiNa. — Indiscriminate  hand-picking  of  the  later  broods  o 
the  Boll  Worm  upon  cotton  is,  of  course,  out  of  the  question,  but  the  plai 
of  killing  the  worms  of  the  first  two  or  even  three  broods  in  com  is  emi- 
nently practicable,  and  will  undoubtedly  save  the  cotton  from  much  of 
the  damage  done  by  the  later  broods  of  the  worm.  On  account  of  the 
numerous  food-plants,  extermination  would,  of  course,  be  impossible, 
but  the  early  corn  crop  qontains  by  far  the  greater  part  of  the  earlier 
broods,  and  time  and  labor  will  be  far  from  lost  when  we  consider  how 
great  is  the  importance  of  a  single  individual  of  the  first  or  second 
brood  in  view  of  its  possible  offspring.  In  localities  where  com  is  not 
grown  at  all  over  a  large  space,  as  in  parts  of  Texjis,  it  will,  we  think, 
pay  planters  to  grow  small  patches  here  and  there  as  traps  for  the  earl) 
worms.  Several  of  the  older  writers  on  the  Boll  Worm  have  suggested 
this  plan,  among  them  Colonel  Sorsby,  Mr.  Sanderson,  and  Peytoi 
King;  but,  practical  as  it  sounds,  it  seems  never  to  have  been  ns^  U 
any  extent. 

We  have  already  shown,  under  the  head  of  food -plants,  how  thepres 
ence  of  the  first  brood  of  the  worms  in  the  young  com  may  be  detected 
by  the  riddled  appearance  of  the  leaves.  Similarly  the  individuals  o 
the  second  and  third  broods  may  be  discovered  by  the  excrement  atth 
ends  of  the  ears,  by  the  absence  of  silk,  or  by  a  waving  or  rippling  c 
the  husk  in  places.  Now,  if  the  plow-hands  in  cultivating  the  crop  b 
instructed  to  watch  for  these  signs,  and,  at  their  appearance,  to  sto 
and  destroy  the  worms,  or,  better  still,  if  boys  be  occasionally  ser 


SSI 

tiie  caU/sm  crop  wi2  eatazzuT  tit  unLicebi^ 

ton  W<xiB  tike  wish  tks  lii^  &:C  Wonx  t^^LjL  ht  TviAckf^  ^r  imm  k» 
many  times  bees  exyvcKiec;  i*n^  vicy-iig  :il  xLe  zi::^fn.c  <c  iJie  KC  ^$  it 
does,  it  ac<aa<d  imfrtt^EoiAt  To  h  ^r-v^^  <c  jKCstriDad  ^c:fcy  «r  <di2$c  A 
morecuefol  stadhrof  Ike  lifit  L^cI^  <c -riief*^  ^^xnns^  Wv^t^ht.  kae^^ixiw^* 
as  we  bsre  alreadr  ss^c^  vlmh  Tht  xvuzlt  winu^  m^  xx  a  xis^er  or 
shorter  space  of  tne  vpoa  ike  h^i  «r  ix^xihiCTe  c<n  viiick  ik^  wnere 
born  befixe  nfftiag  to  pemtxaat  a  bo2L  2x  i»  AkiD  irae  iksx  tbe  Isifsw. 
e?en  tiie  neaiirMl-giWB  wraK.  is  Ki^nsiat^  £;vm  KxH  K»  KfCL  <e«d 
waaaoBXfy  np<mtiheleatca,aadiikastwask{>wntkat  ikeBoZlW< 
is  as  SQSoeptilde  to  tke  inteeBoe  of  ikeae  pos»ns  as  i^  tbe  CcooB  Woi 
Thiae  facte  can  bccadly  ill  ■niMli  ill  111  by  rraiBTTimg  Ike  wtrmsk^^ 
a  caiefdlly  poanaed  field.  Many  BoH  Wocss,  larpt  aod  sasalL  will  be 
found  among  tken^  Moreotwc,  a  boD  wki^  kas  a  sbgki  ooanng  of 
some  araoncal  Brixtnre  japftfrcdy  ptasicud  froai  tke  wtiim,  if  we  can 
believe  tke  nlitrairnt  in  the  fiDlkvwing  cztael  Ihmt  PiofesBor  Sidled 
report: 

a  eipcrimcpt  loofciag  to  a  dfrwina  —  f  whff  hir  •r  sot  ipnaktin^  tke  plants  vitk 
London  purple  had  my  bad  tMttt  apoa  that  iaaael  after  it  Ind  eeaaed  to 
tbe  laayea.    Seleetiiig  aeraal  hearfly  fraitod  plaata,  I  ^wead  dry  Laodi 
orefnlly  over  the  hoDa,  ^plying  it  thinly  vith  a  cmmTs  hair  hraah.    It 
«vei7  boUL    While  alaige  per  umU»  cf  thehoDa  on  all  the  MtghhonngplaatB 
ftfterw Aids  bored  into^  aoi  one  to  whieh  I  had  applied  the  Londoii  poipie 
»Red  in  the  kaat. 

The  polaoiiing  for  the  Cotton  Woim,  then,  undoubtedly  acccHiiplisheB 
two  ends,  in  alao  destroying  many  Boll  Wonns.  In  regitms  where  the 
latter  is  especially  injnrioos  it  may  be  thought  worth  whUe  to  poison 
for  it  alone.  In  snch  casea  the  com  should  t>e  carefully  watched  and 
the  poisoning  should  be  done  in  one  or  two  weeks  after  the  fuU>grown 
worms  are  seen  in  bulk  in  the  hardening  ears — say,  about  August  1  iu 
Central  Mississippi  and  Alabama.  In  these  localities  the  poisoning  for 
the  third  brood  of  the  Cotton  Worm  can  be  done  at  the  same  time. 

Pybethbum. — But,  after  all,  no  one  of  the  remedies  so  far  given  is 
absolutely  satisfactory  in  itself.  The  more  promising  ones — fall  plow- 
ing, trap-lanterns,  and  poisoning — should  all  be  used.  The  gre^t  desid- 
eratum is  something  which  shall  reach  and  destroy  the  worms  in  the 
bolls.  'This  pyrethmm  seems  to  promise,' if  we  can  judge  from  the  ex- 
periment which  we  had  made  by  Professor  Jones  and  Judge  Johnson, 
and  which  the  latter  has  detailed  as  follows: 

Direct  applications  of  poisons  to  them  most  be  di£Qcnlt.  AU  the  feeders  on  the  ex- 
ternal parts  of  plants  snccnmb  to  Paris  green  or  London  pnrple.  There  are  none  that 
may  not  be  reached  by  Pyrethrom  in  some  form. 

And  this  last  proposition,  from  experiments  made  this  fall  in  company  with  Pro- 
fessor Jones,  or  with  some  of  his  extracts,  I  have  reason  to  believe  will  hold  good* 
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We  oolleoted  all  the  bolls  we  ooald  find  containing  Heliothids.  At  that  time,  Sep- 
tember 23,  they  were  scarce.  These,  with  numbers  of  Aletia,  we  showered  with  a 
wood-spirit  extract  of  Pyrethrnm  diluted  with  water  at  the  rate  of  thirty  to  one.  The 
Aletiffi  fell  off  the  leaves  and  died  in  less  than  ten  minntes.  In  about  that  time  the- 
Hel  iothids  backed  ont  of  their  holes  and  crawled  about  uneasily.  In  five  minntes  they, 
too,  fell  to  the  ground. 

Doubtless  it  is  by  creating  in  this  way  an  atmosphere  deadly  to  them  tk^  were 
forced  to  leave  their  retreats  and  get  upon  the  wet  and  fatal  leaves.  When  fields  can 
be  sprinkled  instead  of  only  a  few  feet,  probably  a  still  weaker  infusion  will  prove 
effectual.  With  this  extract,  then,  it  becomes  only  a  question  of  cost  to  deal  with  the 
Boll  Worm. 

For  a  fall  discnssion  of  Pyrethram,  its  cultivation  and  its  oompoonda, 
see  Oliapter  X. 
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EXPLANATION  TO  PLATES. 


FLATEL 


(OiJclML) 


Tio.' 


Tio.%. 


1.L 

Kevly-halobed  larn^  oc 

tldrdHit^i  «.thfad  Steffi laspflBdad 
by  Bilk;  tf^^larvslBfovrthsteffB;  «, 
laiTA  fai  fifth  Blifei  /,  ]arr»  in  dxth 
orlMtBligHMid  ftin»growB,  sidaTtow 
and  pale  iSonii;  g^  Btmb,  sidB  tIqw, 
duk  fonn;  A,aaiiM,  baek  Tiev;   ^ 

]arr»in  ilfthttage^  iaaictof  tpringiiic- 
Chiynlls  just  ehaagiBd  and  frwd  of  tte  oo- 


Fie.  4.  rwiialft  moth 


Mt  chiyHJIs  poHiolly  eoverad 
Mudraody  togi'vo  forth  the  moth;  6, 
entirdj  ■Mwwmdfag  obiysalia. 
with  winga  expanded:  a, 
with  winga  eloaed,  back  riew; 
h,  male  moth  with  wlnga  cloaed,  aide 


Fioa.  8^  8^  S,  5.  Membianoaa  patcheo  of  leaf,  show- 
tngbow  pacenohyma  la  eaten  by  young 
(From  BoE.  S,  U.  8.  S.  C.) 


PLATE  n. 


(llga.  7  and  7a  aftor  Hllbner ;  the  reat  otiginaL) 


^*  !•  AtmniB  <roaa,  larn^  fttU-grown,  at 

natniai  aiza:  m^  head,  from  above;  ft, 
terminal  Joints  and  hind  prolega;  a, 
one  middle  Joint  of  body  from  above; 
d,  aame,  from  aido— enlarged. 

Ito.  1  Suae,  popa^ 

^^  I.  Same,  moth  with  wtnga  doaed:  a,  wings 
expanded. 

^  ^  ia—rif  exadOt  ftaH-grown  larva   natural 


aiae:  a,  same,  head;  6,  aame,  anal 
end ;  e,  eame,  middle  Joint  above ;  d, 
aame  from  side— enlarged. 

Fio.  5.  Same,  pnpa. 

Fio.  &  Same,  adult,  dark  variety:  a,  white  reni- 
form  variety. 

Fio.  7.  AUtia  mrgiUuoea,  adolt,  winga  expanded; 
a,  Mune,  nndec  aide. 


PLATE  m. 


(OrigtnaL) 


n».i.Egg. 

^2.Yoimglarva. 

'^Q'  8.  Square  gnawed  into  by  young  larva. 

'^^  PaleyeUowiah  larva,  with  boUgnawedand 

eaten  inta 
'^l.  9iiIl<grown  lM>va»  normal  colon. 

63  CONG ^25 


Fig.  6.  Chrysalis  in  earthen  celL 
Fio.  7.  Moth  with  ocbreons  tints. 
Fio.  8.  Moth  with  olivaoeona  tint. 
Fio.  9.  Moth  at  rest,  showing  how  wings  remain 
partly  open. 
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PLATE  IV. 


(After  GloTcr.) 


Ho.  1. 
Fio.  2. 


Fig.  8. 

Fig.  4. 
Fio.  6. 

Fio.  6. 

Fio.  7. 

Fio.  8. 

Fio.  9. 
Fio.  10. 

FIO.U. 


Egg,  natiizal  die,  m  deposited  on  the  oat* 

side  of  the  involooel  or  mffieu 
Holes  eoten  through  the  involaoel  and 

ooroUa  by  the  yonng  boU  wonn,  before 

the  flower  bud  has  motored  into  the 

perfect  flower. 
Yonng  boll  wonn  eating  stamen,  dco.^  aod 

oanslng  its  destmotion. 
FrasB  dropped  by  young  woims. 
Hole  eaten  through  the  bottom  of  flower 

into  the  embryo  seed  yessel  or  bolL 
Yonng  worm  eating  interior  of  yonog 

boU. 
Pistils  and  stamens  destroyed  by  attack 

of  yoong  worms,  and  frequently  the 

canse  of  non-impregnation. 
Young  flower-bud   as  attacked  by  the 

yonng  worm,  with  the  interior  eaten 

oat. 
Same,  as  (kllen ;  the  involuoel  always,  in 

planters' phrase,  "flaring open." 
Full-grown  into  full- 

grown  boll— houoe  another  common 

name,  "Bore  Worm." 
Panbohyma  or  ceDnlar  tissue  of  the  leaf 


Fio.  12. 

Fig.  18. 
Fio.  14. 


Fio.  15. 
Fio.  18. 

Fio.  17. 
Fig.  18. 

Fig.  10. 


Fio.  20. 


Fig.  21. 
Fig.  22. 


as  eaten  by  the  oatorpillar  the  third 

day  from  the  hatching  of  the  egg. 
Hole  eatra  through  the  tuTolucel  the  fifth 

day. 
Siae  of  worm  before  shedding  its  first  sUn. 
Young  worm  eating  the  calyx  the  sixth 

day,  shdtered   by  the   inyoluoel  or 

ruffle. 
Sise  of  wonn  after  first  molt. 
Yonng  worm  eating  the  flower  bud,  the 

ninth  day. 
Sise  of  worm  after  the  second  molt. 
Young  worm  eating  into  the  young  boU, 

the  fourteenth  day. 
Sise  of  worm  when  molting  the  third 

time,  showing  the  worm  in  the  act  of 

shedding  the  skin. 
Full-grown  boll  worm,  with  hole  eaten  in 

seeds  of  boU  after  shedding  skin  the 

fourth  time  (nineteonth  day),  with 

frass  in  the  boll. 
Boll  cut  open  longitudinally  to  exhibit  in— 

Jury. 
Worm,  natural  sise,  after  ahedding  skb^ 

the  sixth  time. 


PLATE  V. 


LKUCAHIA  UHIFUXOTA. 

(OrigfauJ.) 


7iQ,h  Glistening  seeretions  which  often  show 
where  eggs  are  laid  between  fold  of 
green  leafl 

Fia2.  Yoong  laira. 

Flos.  8, 4, 6.  Full-grown  lame,  Tentral,  dorsal,  and 
lateral  views. 


Fig.  6.  Lams  showing  Taohina  eggs  near 

Fio.  7.  Pupa. 

Fig.  8.  Hoth  with  wings  expanded. 

Fio.  0.  Hoth  showing  normal  position  of 

when  dosed,  baok  Tlew. 
Fio.  10.  Pale  specimen  of  moth  fkom  aldok 


PLATE  VI. 

AHATOKT  OF  AURIA  ZTLIKA. 

(OriginaL) 


FM.  1.  Longttndinal  section  of  larva :  Jf,  mouth ; 
0,6,0,  legs^  St.,  stomach ;  SaL,  saliTary 
l^snd;  d.V,  dorsal  ressel;  m.«.,mal- 
pighian  Teasels ;  Jn,,  intestine;  JB.  rec- 
tam;  1,  2, 8,  4, 5,  false  legs;  6r, brain ; 
9f  9.  ganglia. 

Fl0. 2.  Seocod  prolog. 


FIG.  8.  Hook  of  prtdeg. 

Fio.  4.  Third  right  leg. 

FIG.  6.  Terminal  hook  or  olaw  of  aame  1^. 

Fig.  7.  Wall  of  the  stomaQh,  the  opitheliam  re* 

moved:  fr,  trachea;  I,  I,  longitodlaal 

muscles. 
Fig.  8.  Cnticola  from  a  dark  band  of  larra. 


PLATE  Vn. 

AHATOHT  OF  AUtriA  ZTLINA. 

(OriginaL) 


Fio.  1.  Longitudinal  section  of  head  of  larva:  If, 
month ;  /,  frontal  ganglion ;  &r,  brain ; 
«,  suboBsophageal  ganglion;  61.,  flrst 
abdominal  ganglion ;  O0.,  oBsophagus ; 
Sp.,  salivary  tubercle  or  spinneret. 


Fig.  2.  Longitudinal  section  of  head  of  imago: 
m*,m',in*,  muscles;  mn^maxilUB;  StL, 
ssUvary  duct;  P.,  palpna;  Oit.,  <bso> 
phagus;  J3r,  brain. 
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PLATE  Vra. 


AHATOKT  OV  AlMOk  XTUVA. 


(OriciiiaL) 


^  h  Ifrwekelcttt,  female  imago :  a,aDteima;  el., 
ol7p6ii8;£,eye;  P.,palpiu;iiuE,mAZ 
iUft;  <p.>,  first  splxaclo;  ep«.>,  epi 
■Unmm ;  9.\  sootom  of  prothonx ;  t .* 
■oatom  of  meflbthorax;  tm,\  eoatel 
hun  of  mMothorax ;  w,  wing ;  tL,  gter- 
mm;  cMLyOozs;  «pm.,epimera;  1,11, 
m,  tlunacio  segments;  1-0,  abdominal 


Fio. 


2.  Gkneial  anatomy  of  male  imago:  6r.,  bxaln; 
OB.,  OBSophagns;  oo.,  aorta;  g^g'tit't 
ganglia ;  fr.,  food  reservoir;  2^,  testis ; 
«C,BtODiaoli;  m.  v.,  malpighian  vessels; 
i, intestine;  e,ocBcam;  i2.,rectam;  p^ 
I>eni8;  OfClasper;  1-9,  abdominal  seg- 
ments; I-m.  thoraoic  segments. 


PLATE  IX. 


iuiATOinr  ov  aimol  xtldu 


(OriginaL) 


lETOslMlst«n,Teatwl  view :  p.,  palpna ;  met., 
maTtllai;  Jg,^ye;  «.>,scatam(f)ofpro- 
thorax;  L\  joint  of  first  leg;  bL,  ster^ 
nam;  qm,  eplstemnm;  jiC,  pataginm; 
Ot  a,  median  pieces. 
A.  Seofcion  of  soaleu 
Three  tarsal  Joints,  leg  of  imaga 

•  Long  scale  firom  tlie  abdonlinal  brash  of 
themilOb   (^inoh  otd^otive.) 

.  Female  organs  of  reprodnotlon :  «.  j».,  oop- 
alatory  poach;  v.,  v^  Tagina;  8.  d., 
spenn*dnoti  ov.,  iMae  of  the  fiynr  left 
oraiian  tabes;  «.,  the  aterlne  oham- 
bsK^or  ezpaniian  of  the  oridaoti  the 
fight  oiidnot  eaabe  seen  eat  off ;  e. «., 


oopnlatoryTestibale;  €i.gUt  thesin^^ 
and  a.  gL*,  the  doable  accessory  gland, 
only  a  portion  of  the  tabes  being 
shomi;  8,  the  eighth  abdominal  seg 
ment,  the  upper  part  being  indicated 
by  dotted  lines,  so  as  to  show  the  ovi- 
duct beneath ;  9.,  terminal  segment 
with  its  lateral  lobe. 

Fio.  6.  Catide  ftom  copulatory  pouch. 

7X0. 6.  Small  portion  of  same,  more  magnified, 
(^inch  objective.) 

Fio.  7.  Transverse  section  through  one  of  the 
folds  of  the  copulatory  pouch  (^inch 
ol^eetive):  m,  muscular  layer;  9, 
epithdinm;  Ou.,  outicnla  intima.' 


PLATE  X. 


AVATOKT  OF  ALRIA  XTLDVA. 


(OflgiiiaL) 


L  BepvodiMttTO  ovgaaa  of  the  mala,  from 
aborts  to,  tettlsi «.  d.,  vnadafsruntla; 
^m.,  JmmHiIi  maooa»i  d. «.,  dnotoa 
^iBflolatertui  p,  peniaj  «. jN^.,'T«ntral 
ptco&m  of  alntli  assMMti  t,  tslson  of 
«BM|  ^k<l^s>,  ilghlo]a9)l,himflh| 

K 1  Tisw  htm  t  !■  Bath  rf  the  atath 


of  the  male  with  its  appendages.  Let- 
ters as  before. 

ViQ*  S.  Lateral  view  of  same:  /,  movable  finger 
over  the  anus;  other  letters  as  before. 
The  position  of  the  brush  is  shown  by 
dots,  so  as  to  make  the  shape  of  the 
elasfp  moxe  evident. 

Fia.4.  Tip  of  penia,  from  above. 


PLATE  XL 


AXATOHr  ov  ALRU  ZTUHA. 


(OHghyd.) 


Flo.  1.  View  of  spinole,  abdomen  of  loiago. 

Flo.  a.  Slnglo  apiae  of  same  splndia. 

Fio.  S.  Xzookelelon  of  third  thorado  and  first  ab- 
dominal segment:  i9.',  scutum;  A., 
fiap ;  S,  tympanum ;  Epm.*,  epimeron ; 
4BB.",  coxa;  Spt  spiracle. 


Fio.  4.  Cuticul*  of  first  abdominal  segmenu 

Fio.  6.  Pores  to  which  scales  are  attached. 

Fio.  8.  Tip  of  maxilla. 

Fig.  7.  Hairs  of  mailHa. 

Fio.  8.  Single  spine  ftvm  maxilla. 
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PLATE  Xn. 

FTBITHBtni  BOSBUM. 

(Prom  AxiniuJ  Bept  XT.  B.  Dept  Agr.,  1881-*82.> 
Showing  Tariation  In  leaf  and  in  color  of  flower,  as  grown  by  G.  Y .  Bile^. 

PLATE  XIIL 

PnORHBUM  CINERABUBfOLnjlL 

(From  Annual  Bept.  17.  S.  DepL  Agr.,  1881-*82.) 
Showing  Tariation  in  leaf;  as  grown  by  C.  Y.  BQey, 

PLATE  XIV. 

XAHT-PmrorUBBD  BPBAT4IOaLIB. 

(OriginaL) 


Fig.  1.  Boao-xlm  eddy-noisle  wifh  two  caps,  m; 

marginal  pnnctnies, «,  and  tangent  en- 

tnmoe,«B. 
Fio.  2.  Same,  with  one  oap,  e,  and  inner  rotary 

bmah,  i,  with  spray  rim, «,  and  tangent 

inlet>  a. 
Fio.  3.  Bose-faceeddy-noBzle  with  punctured  side, 

«,  cap,  e,  and  tangent  inlet,  a& 
Fio.  4.  Same,  showing  usual  position  on  watering 

pots. 
Fio.  6.  Bose-arm  T-nossle  with  inlet,  aa;  sprays. 


•«,  for  two  rows,  and  stoppered  snds, 

00. 

Fio.  9.  J.  Warner's  cuxred  T-rooe  with  inlet*  ag; 

arms,  so;,  and  spray,  a, 
Fio.  7.  W.  Westlake*s  divided  rose  head  with 

spout,  a ;  separable  neck,  e,  and  rose- 

fkoe, «. 
Fio.  8.  S.  H.  Fox's  divided  strainer-roee  with  spray 

cap,  «ff;  chamber,  as;  inside  strainer, 

00 ;  removable  on  cap,  e ;  and  inlet,  or. 


PLATE  XV. 


MAHT-PUKCTUBXD  BOPBAT-HOBELBS  (Continued). 

(Original  or  adapted  from  patent  drawings.) 


Fio.  L  The  Barry  and  Prentice  combination  rose 
and  solid  jet  noesle  (in  section)  with 
barrel,  a*  and  nib,  d,  for  carrying  the 
rose,  b, 

Fio.  S.  L.  B.  Foss's  divided  rose  head,  opening  at 
the  screw  juncture,  d. 

Fio.  8.  W.  T.  Yose's  reversible-faced  rose  with 
inlet,  a;  chamber,  eP ;  clamp-ring,  «; 
and  reversible  rose-face,  6. 


Fio.  4.  J.  W.  Johnson's  plug  rose  with  inMi  k, 

and  outiets,  I  (in  section). 
Flo,  6.  Colliding-jet  nossle  of  W.  J.  Danitfatr^y^ 

machine,  having  barrel,  Jf ;  oatlels, 

A,  n\  and  prcijeotian,  n^. 
Fio.  6.  J.  P.  Bohmann's  rose-rim  noszle,  having 

ohamber,  I,  and  cap,  «». 
Fio.  7.  Same,  interior  view,  showing  L-shaped 

brush  (cleaner)  in  ohamber,  L 


PLATE  XVI. 


8L0T-NOKZLB8  fOB  SFBATOrO. 


(Original.) 


Fio.  1.  Slot-rim  eddy-nosile  with  oap,  s;  oham- 
ber, Vi  side  slot,  «{  tangent-inlet,  •; 
sheet-metal  style. 

Fio.  2.  Same,  with  inside  lid,  e ;  direct  discharge, ». 

Fio.  8.  Same,  with  crosswise  slot,  a ;  other  posi- 
tions, no,  for  the  slot;  arrows  indi- 
cating internal  rotation. 

Fio.  4.  Small-chambered,  slot-rim  eddy-nozsle, 
side  view  and  section ;  tube, a;  tangent- 
inlet,  xo  i  beveled  front  slot,  • ;  stop- 
•  per,  e. 

Fta.  5,  Same,  with  side  slot  for  nether  spraying, 


\ 


Fio.  6.  A  side«lot  tabe-noiilo;  tabe,  a ;  slot, a ; 
•  oap,  e,  as  s4)ustable  deAeoting  rim,  at 

t;  In  section. 
Fio.  7.  Same,  adjustable  in  tube,  a,  having  de- 
flector margin  at  slot,  a ;  in  section. 
Fio.  8.  John  Sohier's  single,  side-slot  c»p-noss]a, 

a  I  closed  at  c;   screw-junoturs^  •; 

slot»  t. 
Fio.  0.  John  Schier's  triple,  side-slot  oap-nossle; 

presenting  8  slots. 
Fio.  10.  John  Schier's  s4justable-slot  cap-nosale; 

inlet  part,  a ;  lever,  ( ;  slot,  t ;  a^jost- 

s^lftpart^  e. 
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PLATE  XVn. 


gLOT-HOZZUH  VOB  BPBATINO  (OQHtilined), 

(Vlgi.  1-2  orlgiiuJ,  8-4  adapted  from  patent  drawings.) 


Vko.  1.  Doable-alotttaig,  •  doable-deflecttng,  aide- 
alot  tabe-noxsle;  donbly  slotted,  ad- 
justable defleotor  oap,  er ;  inner  and 
outer  slots,  t«;  tobe^  a. 

Ho.  2.  A  doable-deflecting,  aid^slot  tabe-nossle 
in  section;  tabe^  a;  cap,  er;  a^Jnst- 
able  slots, «. 

Vie.  8.  The  B.  B.  MofTett  Jawted  alot-noszle ;  tabe, 
a;  slot,  §;  a^Jnstable  lip,  6;  Jaw,  y: 


fiilcnim,/r;  lever,  I;  spring,  «. 

Fio.  4.  The  L.  B.  Smith  Jawed  slot-nossle,  for 
solid  Jet  and  sprays ;  slot,  • ;  ac^osi- 
ablejaws,  ye,  with  arms,  «b,  hinged, 
at  00,  to  tube,  m,  having  clamp  nnt,  b. 

Fio.  5.  The  Baymond  and  Perkins  slot-noxsle,  for 
solid  Jet  and  spray ;  tube,  ab ;  shnt- 
ofl^  d ;  slot,  • ;  barrel,  ft, 

Fio.  6.  Same  in  section ;  lettered  the  ssme. 


PLATE  XVin. 


8L0T-1C0CZLB8  fOB  BPBATiHa  (continued). 
(Original.) 


'to.  1.  A4Ju0tabl<st  flanged,  slot-rim  noasle  with 
screw  cap,  o ;  tube,  a ;  flange,  § ;  rim, 
r;  slot,  rp. 
•ft«.  2.  Divided,  flanged,  slot-rim  eddy  nossle  with 
prqjectile  cleaner  inside;  tangent  in- 
let, a;  lower  half,  v-,  upper  half,  e; 
slot  between,  « ;  combining  screw,  to ; 
annular  cbamber,  h-,  projectile,  (; 
flange,  p ;  in  section. 


Fio.  3.  Same  with  diverging  slot;  lettered  the 

same. 
Fio.  4.  The  J.  P.  Buhmann  adjustable  lipped  slot- 

nossle ;  pipe,  a ;  slot,  • ;  lip,  p ;  thnmb- 

Hcrew,  t ;  arm,  bk. 
Fio.  5.  Same,  with  trigger  adjustment;  trigger,  I; 

spring,  r ;  ftdcrum,  /;  Up,  p ;  slot,  t; 

tube,oi9;  stop,  n. 


PLATE  XIX. 


DIFLBCTOB  8FBAT  HOZZLBS. 


(OriginaL) 


[0.1.  Constricted,  double-spray  defiector-noEsle; 
pipe,  a;  discha^^,  c;  divergent  de- 
flectors, iip;  septum  and  brace, /l 

:o.  2.  Angle-plate,  double-spray  deflector-noxsle ; 
-pipe,  a;  discharge,  e;  deflectors, i>p; 
reenrved  base  angles,  vv ;  septum  and 
brace,/. 
.  8.  Circular,   dohble-spray    deflector-noszle ; 
pipe,  a;  discharge,  x;  deflector  wings, 
pp ;  fork-aperture,  /;  brace,  </! 
Slo.  4.  The  J.  P.  Bwbmann  singje-spray,  remov- 
able deflector,  and  solid  Jet  nossle; 


pipe  and  discharge  barrel,  aa ;  separ- 
able ring,  ux;  d^ector,  p. 

Fig.  5.  Same,  not  removable ;  a  modified  fbrm 
showing  median  convexity  of  the  de- 
flector, j>,  which  Joins,  at  a;,  the  nose- 
piece,  aa. 

Fio.  6.  The  P.  C.  Lewis  retractile  defleotor  and 
solid  Jet  nossle ;  barrel,  a ;  discharge, 
• ;  bands,  ru ;  retracted  defleotor,  p'. 

Fio.  7.  Same,  same,  with  defleotor,  p,  exserted; 
lettered  the 


PLATE  XX. 


SniPLK  PAITBRN  BPBAT  DBFLBCTOBB. 


(Original.) 


Pio.  1.  Convex-front,  constricted  deflector-nossle; 
tube,  a;  deflector,  p;  constricted 
sides,  hhi  median  upward  and  for- 
ward curved  flange,  /. 

Fig.  2.  Straight,  flange-front,  deflector-nossle  of 
Mr,  Campbell;  pipe,  a;  deflector,  p-, 
raised  fhmt,  /. 


Fio.  3.  Median-flanged,  constricted  deflector-nos- 
sle ;  pipe,  a ;  deflector,  p ;  mid-flange, 
/;  constricted  sides,  h. 

Fig.  4.  Convex-faced,  constricted  deflector-nossle; 
tube,  a ;  convex  face,  p ;  constricted 
sides,  hh. 


390     BEPOBT   4,    UNITED   STATES   ENTOMOLOGICAL  GOMUISSION. 


PLATE  XXL 

DSFIXCTOB-NOZZiaB  WITH  SOLID  JBT. 

(From  iMiteiit  drawingB.) 


TIG.  1.  Tke  B.  HoIUngB  a^J^utaUe  defleotor-noi< 
lie;  barrel,  B-,  deflector,  A ;  hinge,  •; 
arm,  H;  set-acrew  and  link,  DE. 

Jha.  2.  The  A.  Niokerson  deflectornossle,  in  eeo- 
»  lion ;  barrel,  A ;  deflector,  B ;  raised 

side,  a ;  hinge,  e ;  set-screw,  D. 

FlQ.  8.  The  J.  T.  Hayden  deflector-nosxle,  in  sec- 


tkmsi  bacrel.  Ah;  ahntmff  plug,  M; 

itsborei  A. 
Fig.  4.  The  J.  W.  Kmam  dafleetor-nossle;  pipe, 

A;  aooket,  B;  defleetar,  B;  raised 

sidea,  D. 
Fio.  5.  The  J.  A.  Barrett  deflector-noaale;  bacrel, 

«;  olamp,  ddi  deflector, ate;  spray,*. 


PLATE  XXIL 

TUUB  DBFLOCTOB-MOOLBa. 

(Original.) 


Fig.  1.  J.  N.  Binkley's  round-plate  defleotor-nos- 

zle ;  sapply-pipe,  e ;  discharge-pipe,  d ; 

deflector,  s. 
Fio.  2.  J.  P.  Bnhmann's  "  improred  "  cone^eflect- 

or-nozzles ;  discharge-pipe,  a ;  deflect' 

ing  cone,  b ;  brace,  e. 
Fio.  8.  Same,  same,  showing  the  spray. 


Fio.  4.  John  Schier's  ttlpls-diaoharte,  diatal  plats 
defleotor-noaile ;  barrel,  a ;  noaeptoee, 
6;  disoharge-nipplea,  ceo;  deflector, 
d;  atUushments,  ^fgh. 

Fio.  6.  Same,  with  parts  separated;  lettered  the 


Fio.  9.  Same,  in  operation,  allowing  the  spray. 
PLATE  XXm. 

TBXiifl  DBFLKCTOB  N0EELB8  (COnUnned). 

(Figs.  1-2  original;  8-4  adapted  from  patent  drawings.) 


Fio.  1.  John  Schier's  many-Jet  proximal  deflector, 
with  diip  returner;  supply-pipe,  oa; 
nosa-pieoe,  x;  air  cluunber,  o;  dis- 
ohaif  e  nipples,  jif ;  crescent  deflector, 
p ;  its  saparaUe  attachment,  vU ;  drip 
pan  with  rstnm  tube,  rr. 

Flo.  2.  Same,  without  nipples,  Ac.,  with  annnlar 


flange  deflector;  noae-piaoa,  a;  eham* 
ber.  A;  air  oarity,  &;  dlaohaiga  oA- 
floes,  0000 ;  deflector,  p, 

Fio.  8.  A.  J. Polansky^s  ditto;  tabe,/;  ehamber, 
h;  cap,  0;  discharge  holea, 
fleeter  rtan,  h;  drip  pan.  6;  braoe^L 

Fio.  4.  Same,  top  view;  lettered  the 


PLATE  XXIV. 


BDDT-CBAMBBB  BFBAT-HOBLBB. 


(OriglnaL) 

Fio.  1.  A  simple  eddy-cluunber  nossle ;  fsce  view  |  Fig.  4. 
and  section;  tangent-inlet,  a»;  inte- 
rior chamber,  yw ;  inrolute  rotation     Fio.  S. 
within  and  tangsnt  radiation  of  dis- 
charge shown  by  arrows  at  i,  the  out-     Flo.  6. 
let 

Fio.  2.  Same,  with  larger  discharge  hole  bnt  inlet 
the  same,  in  perspectiye ;  letteroi  the 
same.  Fio.  7. 

Fio.  8.  Same,  the  chamber,  «,  having  a  spiroid 
swell  to  the  inlets  • ;  lettered  thesaate. 

PLATE  XXV. 


Same,  having  an  obUqne  fiMdal  tangeni- 

inlet,  ocB,  to  the  chamber,  o. 
Same,  having  an  oblique  basal  tangSBt- 

inlet,  as,  to  the  6hamber,'o. 
Diafiam  ssotton  of  a  whiatle  Jet  noasle, 

much  enlarged;  tangent-entoaaoe,  as; 

ohamber,  o;  discharge,  t;  the  blast 

shown  by  arrows. 
Bxtefiorofthesame;  Inlets  ac ;  rsnovabls 

stopper,  e;  dlsaharge^f. 


BDDT-dUMBIB  SPBaT-HOBLBS  (OSIltlamsd). 


(OriglnaL) 

Fio.  I.  Sddy-ehamber  bozsIc  or  cyclone  Jet  of 
convenient  slae  and  form  for  nether- 
spraying,  faee  view;  tube,  a-,  inlet     Fio. 
side,fl;;  inside  lid,  e;  discharge,  $. 

FiQ.  2.  Ssme,  with  lid,  m,  beneath  and  opposite     Fio. 
discharge,  $. 

Fio.  3.  Same,  with   beveled  medium   sised  dis- 
charge, «,  in  the  lid,  #,  exterior  Amo     Fio. 
view  and  section;  tube,  a;  tangent- 
inlet»«;  fllling,  k;  ohamber,«. 
FiB,  4,  fiamfl^  with  inside  lid  be&aalh  anA  oppaiMa 


large  discharge,  sldaviewaiid  sectioB; 
lettered  the  sasM. 

ft.  Bddy-ohambernose-pleoe,i,  separable^  at j, 

firosQ  barrel  noasle,  a. 
8.  Same,  with  inside  bevel,  side  view  and 

section;    tabe,   a;    tangent-ialeti  c: 

chamber,  e;  inside  Ud,6. 
7.  Same,  with  spiroid  cone  chamber,  side  sad 

top  view;  tube,  a;  inlet-eide,  a;  die* 

chargers. 
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14 


;• 


Tm. 


Fl6. 


wl,i; 


•   ^^  • 


styles  with  akvUiC  ia 

i;  tBfBot-faletk  s,  to  eidj-c—...^, 
e ;  dkduvse, « ;  Mrtiida  ca^  ie* ;  Bade 
Bd,  •;  iufuiMlj  and;  miIibmw,  t ; 
r,  « ;     «ddy-efaaBbcr,  6 ; 


Fio. 


Combiatiancddy 
do^ferdireei 


«Vt»aAcd4y- 

•;  tepcrfento  ImMs  m,  c« 

withdfaekufftlii./. 

Fm.  4.  Wbisdejet,  cddj-chaBber  apaa  piece,  ia 

•ectios;  Mrev-juBctnre,  •;  taaceat- 

inlets  s;  rsTcrberatocT  chaoiba;  c; 

liiw  haigw. «. 

F».9l  TWbW.IL  Clark  apnyarfMlid  jet  bHTCl 


«; 


•; 


FM.  C  Tha  J.  W.  Gimy  apcay  a»d  aoUd  Jeinoaale, 
FHtlyiaaaetiaB: 


PLATE  XXVn. 


ov: 


dlCtad^tad;  atbarflcwaaoiigtaaL) 


Fio.  I.  Btttvy  Imah  powder  tlnowar.  diafma-  | 

P;alotted, 


cyliiidor  eaaa,  «4o;  powder  apraj,  «. 

^0.1  8«De.bniah  in  aeetioii. 

^.S.  TheWiaawenralaiytiniahliqDidthiower; 
whaelbairow,  amwe;  paDay  anaaca- 
meiit,  jQftt;  operattng  attmr,  ei,  In  ra- 
,oaptaola,«;  eoek,  «;  plpa,  p,  ta braah 
Inmgli,  F,  bdt,  yifc,  to  braah  paDay. 

'IQ.  i  Hone  rotary  powder  blower,  with  dlTcf  • 
gent  pipaa  and  nathar  fbck'ipraya; 
a4iiiatable  A-frana^  js ;  iron  lafCB.  M ; 
■wirel  wbaala,  *Mii;  ahafta.  k;  dctve- 


wheal,  w;  driTa-gear, « ;  band  pnDay, 
ji  powder-box,  p;  diachaijca  eanea, 
AM;   a^Joatable  pipea,t:   fork-apn^ 


Flo.  5.  Saapended  rotary  powder  blower,  operated 
by  hand,  fiui-ehamber,  d;  powder,  p; 
blaat-pipe,  %;  apraya,  t. 

Fio.  6.  Rotary  liquid  spray  thrower  and  blowar, 
parte  in  diagrammatio  aeetloa;  fhn- 
chamber,  d  -,  one  of  the  Ibna,  /;  Ha 
book-toothed  end.  i;  Uqvid-lalai,  S| 
Uqqld  blaat  epray  diaehar  fc^  t }  hoi- 
low  Up,  k ;  retnm  di^ 


PLATE  XXVm. 


■OTAST  BLO 


OF 

9(Fica.  1>5  origiaal ;  FIga.  6-7  adapted 

Fio.  4. 


patent  drawinga.) 


^0. 1.  Rotary  hand  blower,  can  and  pipe  In  aeo- 
tion ;  handle,  o,  on  crank  gear,  • ;  driran 
gear, n ;  fana.  aa;  brace,  r ;  fiui  caae,  d; 
bUet-pipe,  « ;  powder  box,  p ;  acrew- 
cap,  e;  hanging  baae,  b;  a^natable 
tbumb-ecrewbangara,  U ;  feed  ekta,  •. 

^^  i.  CroM-section  of  the  powder  feeder ;  aorew- 
<s*PbO;  powder  box,  p;  hanging  baae, 
b;  fsedalota,  sl 

^S-8MBe,wlthfaad«ronthefiuioaae^dtfi  dla- 
oharga,  t ;  hanging  baaa,  §;  hangeni 
M:8lot,c    ' 


Side  feeder  to  the  aana ;  Ihn  or  blaat  paa- 
aage,  /;  feed  dot,  o ;  powder  reeepta* 
da,  p  i  oap,  a. 
Fio.  5.  Baae  feeder  to  tha  aame ;  explanation  the 


Flo.  9.  The  D.  B.  Darnell  rotary  liquid  blower; 

frame,  B-,  reoeptada,  A;  daaher,  O; 

gearing,  DBFHJi  ahaft,  K;  blower 

and  a^oatera,  LMNWY. 
Fio.  7.  SamA,8ldaeIeTation;  lottored  the  aame. 
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PLATE  XXIX. 


BOTABT  BLOWBR8  ov  FOiion  (eoirtfaniad). 
(AdApted  from  patent  dnwlngB.) 


FlQ.  1.  The  C.  T.  Hard  rotAiy  powder  blower, 
*'  sectioDal  deri^oii; "  frame,  I>pwK; 
wheel,  0;  axle,  m;  band-wheels,  A; 
blower,  B ;  powder  box,  A ;  a^JuBters, 
db;  discharge,  s;  side>wing,  i?. 

Fio.  2.  Same,  *'  plan  view ; "  lettered  the  same. 


Fia  8.  fiame,  " rMff  view; "  lettered  tl 
Fia4.  The  If.  Peel  rotaiy  yapor  U 
elevation  and  section ;  i^ 
sotting,  kifi  dnun  and  ft 
pipc^  Xi  oven,  i)i  genecat 
blast  pipe,  <P  i  noBle, 


PLATE  XXX. 


OeCILLATDTG  BKLLOWB  BLOWXBS  OV  VOWOmL 

(Adapted  from  patent  diawinga.) 


Fio.  1.  The  8.  D.  Allen  bellowa  duster,  side  eleva- 
tion ;  ftame,  Bg ;  wheel,  t;  ratoheta,  rri 
ratohet  lever,  p ;  bellowB,  2>)  qpiing, 
$i  arm,/;  blast  pipe,  d;  powder  re- 
oeptaole,  A ;  discharge  pipe,  a;  spread- 
er, 6. 

Fio.  2.  Same,  powder  fseder,  in  longitadinal  seo- 
lion;  bellowt,  D;  blasts m;  stods,  n; 


partittona,   i;    peiftcatftn 

oiiarge  tabe,  a;  aprsader,  J 
Fio.  8.  Same,  same,  cross  aeqtion,  si 

partitions. 
Fio.4.  The  W.  P.  Peek  bellowa  liqa 

abowing  anapended 

pipea  and  spray. 


PLATE  XXXL 


•Dcpui  BBEixma  RvroBB  Fouosna. 
(Reprinted  from  Sept.  Entomologist  Dept  Agr.  for  1S88.) 


Flo.  1.  Direct  hand-beUows  powderer  for  broadcast 
and  npwaid  nse;  bellows,  o;  hollow 
handles,  kh  -,  blast  pipe,  At ;  feed-ad- 
jnster,  j  ;  powder  receptacle,  p ;  screw- 
cap,  y. 

Fio.  2.  Same,  feed  arrangement  in  section ;  blast- 
pipe,  er;  damper  and  slots,  o;  set* 
crank,  i;  receptacle,  j> ;  cap,  y. 

Fio.  8.  Triple  crook,  bellowa  nether  powderer; 
nether-pipe,  riivU;  for  discharging 
npward  beneath  c(^on  plants ;  other 
letters  the  same;  bellows  omitted. 

Fio.  4.  Str^ght-pipe  bellows  nether-powderor; 
bellows,  V ;  handles,  hh ;  head,  j ;  suc- 
tion ganae  and  valve,  z ;  blast  pipe, 
hit;  coupling,  hti  feed  a^nster,^; 
receptacle,  p ;  cap,  y. 


Fio.  5.  Suspension  bellows  powderer 
suspended  receptacle,  p ; 
handle,  h ;  valve  ganae,  s ; 
h$re. 

Flo.  6.  Straight-pipe,  bellowB  nethc 
bellowB,  V ;  hoDow-handlei 
gause,  t;  blast-pipe,  J^; 
pipe,  yit :  coupling  Joints,  \ 
liquid  receptacle,  p ;  stq|>] 
X ;  bases,  on. 

Fio.  7.  Same,  receptacle  and  fSeeder, 
receptacle,  pan;   bases,  ( 
tube,  { ;  qjectlon-tube,  sy;  b 

Fio.  8.  Bxtexnal  view  of  aame,  with  m 


PLATE  XXXn. 


BOfPLB  BILLOWS,  BRHSB  AHD  DIBICT  FOISOmS. 

(Original.) 


Fio.  1.  The  J.  W.  Hendley  bellows  powderer. 

Fio.  2.  Nose-piece  and  single-cone  receptacle,  of 
common  sanding  and  powdering  bel- 
lows of  manufacturers. 

Fio.  3.  Common  double-cone  sanding  and  powder- 
ing bellows  of  manuftcturors. 

Fio.  4.  Common  atomizer  bellows  of  the  trade. 

Fio.  5.  N<>thor-can,  bellows  atomiser;  bellows,  v; 
blast  pipe,  ji«;  can,  rp-,  filling  tube.  I, 
or  e ;  ejection-tube,  cy ;  blast  sptay^  c. 


Fio.  6.  C^lliding-blast  bnlb-atossiaer, 
bulb,  91  valve,  I;  Uast-w 
uld blast,  iH«i  reoeptaole,  j 
tube,  sy. 

FiQ^.  Kose-piece  with  aide  slot  disch 

FioTb.  Recurrent  blaat  powder  leee] 
tangent  inlet  and  outlet. 

Fio.  8.  Reonrrent-blaat  noaale,  aa  a  n 
straight  dischiirga  pipsa. 


EXPLANATION  TO  PLATES. 
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PLATE  XXXm. 


OCnO^OUlCD  BILLOWB  FOl 


(OriglnaL) 


Wheel  ntohei  beUows,  Ao. ;  belloirv, «; 
kangerstM;  spring, «;^niif*;  xBtohet 
pitnuBi,r;  wheel,  to;  diaohergeTelTe, 
0;  poieon  leeeptaole^p ;  diTeifent 
plpee,& 


Fl&  2.  Large  eMi,lbrk<«pn7heDowe}.hellow%t} 
reoeptedi^  PI  elift  orfleodle  ptpe,i{ 
■iidliork,^;  spnjeiiL 


PLATE  XXXIV. 


FLOW  BMLLOWB-FOnO) 


(OrigiiiaL) 
BeUow%«;  aiO|S;ibotvod,n;  xeoepteole,p;  flexile  or  stiff  eegiDenttf;  pipe,l8pnijie. 

PLATE  XXXV. 


pmnncATic  fbiwuu  bfrathm. 


(Fig.  2  adapted ;  other  flgores  original.) 


IfVk  L  Doable  acting  pnemnatio  pomp  sprayer, 
parts  in  section ;  pomp  handles,  h,  A^, 
h\  h*;  inlet  yalves,  eo ;  doable  acting 
▼alTe*head  piston,  a;  cylinder,  vv ;  dis- 
charge, i»;  barrel,  r;  liqaid,j>;  outlet 
pipes,  mmn;  spray  nosades,  m. 

^  t.  An  STBilable  style  of  common  air  pomp  of 
the  trade ;  supporting  board,  6 ;  brack- 
ets, 00 1  handle,  I ;  link,  i ;  piston  rod, 
r ;  cylinder,  o ;  spout,  t. 


Fio.  3.  Compact  gas-generator  sprayer;  add  bot- 
tle, a ;  outer  Teasel  and  bicarbonate, 
6;  cap,  0;  flexile  pipe,  es;  gas,  r; 
liquid,  p ;  pipe,  mm ;  nosales,  ft. 

Fig.  4.  Bipartite  gas-generator  sprayer;  add  bot- 
tle, a;  flexile  pipe,  A ;  inlet,  i ;  bioar- 
bouate  Teasel,  b ;  gas  hose,  ox  -,  &o. 

Fia  5.  Foot-bellows  piessure  sprayer;  bellows, 
Vi  pedal,  {;  hose,  k;  noiales,  ot;  Ac 


PLATE  XXXYL 


TBB  w.  J.  juatmriMMT  whuud  ato: 


(contlnQed  on  Plate  XXXVH). 


(Orilgfaua.) 


PLATE  XXXVn. 


m  W.  J.  DAUOBXBBT 


▲TO] 


(coniinQed),  An>  ram  o.  STumiAinr  vafobizib. 


(Adapted  from  patent  drawings.) 


'Is*  L  The  W.  jr.  DMghtv^y  wheeled 

axle;  eadsMlle  dlde  aoeket^^i  pin, 
^;  comicettoes  with  the  body  and 
wheels. 

^.  1  Same,  section  tIsw;  wheel,  B;  axle,  oO* 
pulley,  MDFt  fhune,  Ai  shafts^  fe 
agUaten,/*;  baRel,^;  eccentric,  A 
pampe»  /;  p^  i;  perforations,  <■ 
■iiTe«iel,J{  mainpl^m;  noule,Jf. 


FIG.  i.  Sane, nosales, in  section;  banel,iir;  inside 
pramioatory,  n^ ;  eolliding-Jet  holeo,  fin. 

Fio.  4.  The  C.  Steinmann  wheeled  Ti^oriaer 
(stsam-oil  atomiser),  side  Tlew ;  seat, 
P;  bdler,  JP;  oil-pipe,  k-,  oil  reeenroir, 
A ;  steam-pipe,  COf ;  spray  pipes,  aai 
cooks,  DMMi  ftmnd,  B. 

Fio.  ft.  The  smm^  nar  Tlew;  letterad  the 


PLATE  XXXVra. 

MKTHOD  OV  FOIBONIirG  WITH  BTDBONB^nS. 

(From  the  Report  on  Cotton  Insects,  Dept.  Agr.,  1879.) 


394      REPORT  4,  UNITED   STATES   ENTOMOLOGICAL   COMMISSION. 


PLATE  XXXIX. 


UMPUi,  UQUID-POISON.  ITSTHnMniATSBft. 

(Beprinted  from  Report  of  Bntomologlat,  Dept.  Agr.,  for  1883.) 


Fio.  1.  Neth6r«8praying,  hand'piunp  apparatas; 
shoolder-loopa,  6;  soBpendcd  recepta- 
cle, k',  hooe,rA«;  double-aotixig  pnmp, 
ex ;  eztenaion-pipe,  i;  nozzle  and  spray, 
• ;  Joint,  u. 

Fig.  2.  Same,  subatitatiTe,  side-spray,  eddy*cbam- 
ber  noEslea,  face  view  and  section ; 
neck,  a;  tangent-inlet,  x;  obamber- 
face,  « ;  base,  e ;  discharge,  §. 


FiQ.  3.  Same,    substltatiYe.   dlrect^epray,   edd 
ohamber-noEzle,  /. 

FiQ.  4.  Same,   doable-armed  extension-pipe  ai 
trailing-fork ;  stem-pipe,  I;  Y-fork, 
removable  protector,  tj  ;  spring 
tya;  arm-pipes,  i;    noszlee.  n;   tb, 
swing,  mm. 

Fio.  5.  Same,  same,  carved  form. 


PLATE  XL. 


HAN1>*PUMP  AND  BUCKBT-PUXF  SPKATBlta. 


(Figs.  1,  2,  8,  adapted  fh>m  patent  drawings ;  4, 6,  8,  originaL) 


Fio.  1.  The  aqnapnlt  bucket-pnmp ;  cylinder,  k ; 

clawed  bracket,  b;    piaton-tabo,  p; 

handle,  t;  hose,  h;  noxale,  n. 
Fig.  2.  TheW.  J.  Johnson  backet«yringe ;  sno- 

Uon  hose,  zhio;   cylinder,  k;   piston 

handle,  m ;  extra  nossle,  n. 
Fig.  8.  The  aqa%|ect  bncket-pomp. 
Fig.  4.  The  W.  T.  Yose  Hydropnlt ;  suction  hose, 


h;  cylinders,  U;  piston  handle,  ta; 
air-chamber,  a;  apoat,  «. 

Fig.  5.  Eddy-chamber  hand-pipe  as  stiff  ezteoflko 
to  pump  spontaor  hose ;  onion, « ;  JoiBi, 
a;  swivel-neck,  o;  spray,  $. 

Flo.  6.  Doalde-aotingside^eotorlumd-pamp,with 
same;  crooked  hose  nib,  <;  oylindsr 
oap,  e;  piston  handle,  hn. 


PLATE  XLI. 


DIYBBS  UOHT  SPBAT-PUMPS. 


(Fig.  1  original ;  flgs.  2,  8,  adapted.) 


Fig.  1.  Horse-back  broadcast  spraying  apparatas ; 
the  eddy-chamber  sprayer  extension 
pipe  and  hand  pnmp  (of  Plate  XXXIX, 
Fig.  2)  combined  with  the  J.  Warner 
rubber  poison  bags. 


Fig.  2.  The  C.  G-.  Korth  eratoh  baoket-piuDF«  ^ 

operation. 
Fio.-S.  The  P.  C.  Lewis  combination  backet-pomp 

and  syringe. 


PLATE  XLU, 


UGHT  BABBSL-FUXPS  AHD  TAXK-PUMB& 


(Figs.  4,  6,  original ;  other  flgares  adapted  tnm  patent  dxawlnga.) 


Fig.  1.  The  F.  A.  Hehneck  air-jacket,  xetam  drip 
barrel-pomp;  lever,  e;  Unk-ftilcrani, 
X;  platon,  b;  cylinder,  a;  suction- 
valve,  v;  i^eotion- valve,  d;  air  Jacket 
chamber,  s;  discharge,  /^;  drip-duct^/. 

Fig.  2.  The  J.  G.  Evenden  ditto;  handle,  h;  pis- 
ton, b;  qjeotion  valve,  I;  Jacket  air- 
chamber,  #;  discharge,  g;  drip-ducts, 


Fig.  8.  The  T.  K.  Ball  agitator  barrel-pump,  par- 
tially shown;  suction  orifices,  h;  cyl- 


inder, b ;  piston  rod,  o;  dasher  leds^ 

dd;  dashers,  tt. 
Fig.  4.  The  John  Sdhier  retom  dilp  tank-pump ; 

lever  llnk-fhlonun,  m ;  plston-iod,  pp ; 

eylinder,s;  snetion base, 6 ;  disohsrga 

pipe,  a;  noBzlA,  n;  insertion-collar, «. 
Fig.  6.  The  C.  Vogelsang  spray-pump ;  handle,  k ; 

cylinder,  6;  suction,  a;  airHShamber, 

tf  j  discharge-pipe,  s. 
Flos.  8,  7, 8.  Spumy  nosilea  with  the  same. 


Tim 


TB.L 


(»%.* 


FLATB  XLY. 


flB.1. 

/!ZJ 

M.  •;  OV.  •:  ^jiM 

■r,  •;  A 

■w* 

teii^/:Metk»|lp«.*i 

eoek,«; 

<!•- 

nViriii^  X 

hm 

itad  A 

llHB 

fwcw  pHiiip;  Ibwk;!;  M 

l«™,/; 

Fte- 

timrod,i;e^iBdflc;s;l 

IMSteC 

•,»; 

■M«iMip^s;ipMt» 

f;ftMd 

^dJb. 

Ibne^pvmp;  l»Ter,  I; 
tarn.  pitHimi :  ojliadw* «; 
/;  nctin  pipe,  &;  spoal^ 

or 


Mer«B«f;  pii- 


no.  4.  Da«bl»«7liDd«r 


pp ;  ojUaden,  km ;  saotioa,  hi 
diaohaige Beok,  et;  spoQi^  «. 


PULTE  XLYL 


mm  MAcmssBT. 


(Origiiial  2  naed  la  afdraiiM  in  Bep.  of  tlio  Bntomologiitt  Bepl  A^r..  1881-*S,  PI.  UC.) 


'^tBimlTCstor  ikld;  elMto,b6;  tidoiwte, 


'liL^  Sttmr  pmnp  wtfh  baml  and  mixer  ftm- 
ofil in  secClott ;  ftmnel, «;  ita  oylindri- 
oil  sideo,  ggi  ftinnol  baae,  ft;  spont^ 
p,  (in  bnng  hole,  k) ;  gaoxe  Mptam, 
d;  iMxrel,  Ujtmnnions,  i;  tronnion- 
eyee,  •;  wedcee,  w ;  lerer  ftilonim,/; 
pamp-lerer,  ii;  swing  of  the  lever- 


head  end  pUton  lop«  mbc ;  pAoklng^oAp, 
•  ;  oyllnder,  9;  iteswing,  •;  spont,  »\ 
•trainer  loop  or  eye,  h ;  etlrrer  har,  mm 
rope,  WW ;  bongs,  rt. 
Fia  8.  Wagon  or  cart  machine  for  spraying  from 
below  with  stirrer  pnmp  all  in  opera* 
tion;  suspension  pipes,!;  Y-forks,yt 
nossle-arms,  %,  flexile,  at  «(  nosales 
and  sprays,  n. 


PLATE  XLVII. 
^^■01  Anuio,  HKTBBii-^rBATiHO  MACBnm  TO  WAGON  (all  in  Operation,  poisoning  16  rowsat  onoa). 


(OriginaL) 
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PLATE  XLVm. 

LABOB  A-FBASOB,  HSTRBBpSPBATIBO  MACHm  TO  WAflOB  (BttfOWed  ftV 

(Origiiiid.) 
PLATE  XLIX. 

COMBTBUCnONS  IB  NBTHBB-6FBATIBG  MACHIBB8. 

(Oril^liiaL) 


Fio.  1.  A-fimme  ftnd  tubing  separated;  aide  arm, 
a ;  aplioe,  id ;  aet-bar,  s ;  main  Y'tabe^ 
t0 ;  dde-tubea,  mm ;  small  Y-tabes,  ee ; 
stem-pipes,  t ;  arm-forka,  y  i  iow*anna, 
n;  rows,  rr. 

FiQ.  2.  Pendant  fork  with  distal  nocales ;  bose  h ; 
stem-pipe,  ( ;  weight  cylinder,  s ;  anu- 
fork,  y  i  rowaims,  if ;  hose  part^  eU ; 
noszles,  n ;  their  swing,  mnm ;  inside 
rod,  a. 

Fig.  8.  Bwlvel-anned  pendant  fork,  in  section ; 
stem-pipe,  C;  eddy-ohamber,  /;  tang- 
ent entrance,  o ;  oap-nniona,  cs ;  aims, 
•6. 

Fig.  4.  Sheet-metal  pendant  fork-pipe,  in  section ; 
stem-pipe,  ( ;  hose  unions,  e;  anna,  i ; 
spring  rod,  $$. 

Fig.  5.  Cast  weighed  fork,  in  section;  Y-casting, 
y;  thin  inserted  tubes,  HJ;  inserted 
rods,  e«. 


Fio.  9.  Pendant,  sttfT  T-pipe,'  w 
anna ;  stem-p^ie,  t ; 
head,  My;  anna,  i; 

Flo.  7.  XeTeibenitory  pipe  for 
pipe,  /;  rererbera' 
arm-pipea,  tb. 

Fig.  8.  Small  Y-pipe  or  direct  pi] 
pipe,/;  diyergent 
ing,». 

FlG.0.  A^ustable  main  arm  pi| 
segments,  h ;  in« 
segments,  m;  telee 
divergent  pipe  arms 

Fig.  10.  Stiir  ditto;  outside  sei 
segment,  frm ;  hose  i 
ent  pipe  anna,  b. 

Fig.**.  Weighty  stem  pipe,  i< 
plea  and  basal  aeren 

Fig.  *.  High-arohed  wheel-leg  ' 
low  and  swivel-boltl 


PLATE  L. 

WHBBLBD-TBIPOD,  AUTOMATio  BBTHBB-8PBIBKLBB  (in  Operation,  Sprinkling  twelTB  r 

pod  barrel  elerator.  tricycle  frame,  and  dfyeiriient  pipes). 

(OriginaL) 
PLATE  LI. 


(From  patent  drawings.) 


Fig.  1.  Rear  yiew ;  axle,  B ;  tank^  A ;  chain  wheel 
pump  motor,  tidg ;  wheels,  J9D ;  chain, 
i;  brace,  j;  crank,/;  clutch-lerer,  A ; 
pitman,  6;  pump  lever,  e;  ftdcrum,  d; 
piston  link,  b;  piston  rod,  a;  pump- 
cylinder,  O;  main  ann  pipes,  F; 
swivel-elbow,  k ;  main  mem  extension, 
m ;  pendant  pipes,  O ;  roee-noszles,  H; 
plug, « ;  lifting  bar,  J;  clamps,  p ;  lift- 
ing lever,  n. 

Flo. 3.  Bnd  view;  wheel,  B;  tank.  A;  pump- 


cylinder,  O;  piston  1 
be ;  swivel  elbow,  k ;  < 
pipe,  O;  rooe-nozsle, 
lever,  konp. 

Fio.  3.  Pump-motor  in  side  vl 
BD;  chain,  <;  cran 
lever  attachment,  e  \ 
hi  brace,  j/. 

Fio.  4.  Bose-noBzles,  JET;  plug, 
rows. 

Fig.  5.  Swivel  elbow,  ik,  and  pei 


PLATE  LII. 

C.  O.  JOBBB'  LABOB  TAHK  BB0ADCA8T  flPBATBB. 

(Original) 
PLATE  Lin. 

THB  J.  W.  JOHHBOB  WHBBLBD  8PBIBKLBB  (rear  VleW  1b  OpeWtlflB). 

(Original.) 


EICPLAKATION  TO  PLATES. 
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PLATE  Uy. 


(nB.B 


;«hexwl 


I 


?».  L  The  J.  W.  JofaoMB  CoMoa  Sprinkler,  idde 
Tiflw;  wliaal,  e;  ftaiBM,  B;  Hd  1>; 
taak,^:  pitnan,^;  enBik,e;  pirton 
rod  and  lervr,  O ;  pimp  and  ipovt^ 
H;  eoek^j;  eompare  PL  IJIL 

fltt.1  TheMiii6,topTiew;  whttHm^O;  bam^B; 
tmk,  A ;  pump,  G;  enok,  c ; 
K;  plug,  L 

lto.S.  The  J.  P.  Goodin  Cottdn  SpiinUBr, 

Tiew;  tmk.  A;  pimp  lerer.  D;  fU- 
cnm,  Bi  piiloii  rod,  C;  main  ptpe^ 


PI0.4. 


top  Tlaw;  lottand  the  oamo  a»d 
explaiBadthoaaaM. 
L&  Tb«J.K.BiiiUejCottoiiSpriakler;penp 
^jlmder,  a;  apoat^A;  alr-ehaailMr, 
h ;  T-pipe,  •;  with  ipi^ya. 

C  The  GeoffereacwCottfla  Sprinkler,  aide 
Tiew;  fraaBe^  A ;  ieaettoir,ig;  suction 
pipe,  O;  pnmp  eyUnder,  i>;  iprink- 
Unc pipea,  flfJI7;  piatan,  B;  leTer,  i^. 

7.  Sane,  top  tIow;  hittwed  a^  erpbdned 


PLATE  LY. 


BIIALL  BDCKSr  AHD  gWAWJAOK 


(Adapted  ftom  patent  dmringa.) 


fta>  1.  The  W.  B.  AHhi  hneket  baae  aprayer, 
in  aeetion;  apring,  B;  rod,D;  pin- 
halea,  «;  Talre-piaton,  O;  packing, 
F}  Camber,  A ;  roae,  B. 

VlB- 1  The  tame,  TalTe-piatoawith  apinJ  spring, 
B;  lettered  and  explained  the  ssbm. 

V^  I-  The  George  Townaend  knapsack  agitator 
can,  with  hand-pipe,  interior  exposed: 


can,A  ;  Ud,  D;  ahoolder loops, X*,  £> 
perforated   daahera,    B;  yalve,   If 
spring,  P ;  guide,  B  -,  yalTe  rods,  aw 
▼alTe  lerer,  T,  with  cord;  ftdcnim, 
Bi  discharge-pipe,  O;  hose,  H;  hand* 
pipe,  1;  noxsle,  K, 
Flo.  4.  Same,  section  view ;  lettered  snd  explained 
the  same. 


PLATE  LVI. 


KKAFBACK,  BOBSIBACX,  AMD  PLOW  aPBOXLIBa. 

(Adapted  from  patent  drawings.) 


'M'  1.  The  W.  T.  Willie  horseback  sprinkler, 
side  Tiew ;  hack  reats,  A ;  can  rest, 
O;  can,  B}  stopper,  O;  shnt^il^  D; 

Vto- 1  Ssme,  top  riew ;  lettered  and  explained 

theaame. 
Ha.  B.  Same,  rear  riew ;  lettered  and  explained 

theaame. 


Fio.  4.  The  T.  B.  Taylor  plow  sprinkler,  in  sec- 
tion; plow,  ADOBF;  liquid  cylinder, 
H;  filling  tabe,  J;  cord,  L;  spray, y. 

Fio.  5.  The  C.  A.  Samsey  knapsaek  sprinkler ; 
receptacle,  A;  lUler,  a;  hand-pipes, 
JB,  hung  at  d ;  noszles,  6. 

Fio.  8.  The  F.  M.  Gray  imported  knapsack  sprink- 
ler, in  operati^. 


PLATE  LVDL 


BOTAST  anrrs  maghimis,  btc. 


(Adapted  from  patent  drawings.) 


Vto*  1.  The  W.  T.  BoUnaon  combined  sprinkler 
snd  rotary  dnster,  top  view ;  frame, 
AT;  sprinkler,  eDBBF;  powder  box, 
T;  windlass,  N;  polleys,  PQ;  belt,  O; 
lever,  8;  shaft,  O ;  rotary  sifters,  H. 

no.  2.  Sttte^  section  view ;  lettered  and  oxplained 
the  same. 

^•8.  The  N.  A,  Davis  rotary  dnster,  to  cart, 
rear  view ;  cart,  A ;  shaft,  yB;  spring, 
b;  bearings,  ce;  pulley,  a-,  rotary 
sifters,  £. 


Fio.  4.  Same,  sifters  in  section. 

Fio.  5.  The  C.  H.  Levy  rotary  dnster,  front  riewt 

standards,  O;    crank  fork,  JP;  bolt, 

H;  crank,  Ed;  shaft,  D;  rotary  sifb* 

ers,  A. 
Fio.  6.  Same,  in  section ;  lettered  and  explained 

tJiesame. 
Fia.  7.  Simple  sifting 
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Vio.  1.  The  7.  ▲.  Bldzidge  rotaiy  bniah  lieTe 

maohlne;    frame,   OAi    wheela,  B; 

belts,  hi  ahaft,  g;  gean,/#i  powder 

boxee,  D;  brashea,  d. 
Fio.  1.  Berne,  aide  view;  letteied  and  explained 

theaame. 
Fio.  8.  Same^  rear  view ;  lettered  and  explained 

theaame. 
Fio.  4.  The  W.  T.. Willie  aiere  niaohine,  aectlon 
{    supporting  bar,   (7;    a^nst* 
It  bar,  Df  standarda,  Bi  powder 

boxaa,  A  t  sierea,  p. 


Fio.  6.  The  J.  8.  Smith  rotaiy  braah  i 
ehine,  in  operation. 

Fio.  9.  The  T.  B.  Taylor  oombined  ploi 
ler  and  dnatar,  in  aeottoa 
ABDF01  sprinkler,  LBJ  (i 
LVI);  eoreen,P;  roda,A;ii 
rotary  siiter,  Q, 

Fio.  7.  The  J.  W.  Yonng  shonlder  anppoi 
sifter;  snpport,  BFOi  mon 
sospender,  I>Bi  ^Undsr, 
jnster,  Jff;  eiaBk,&;  same  in 
HQKli  bnah.  M. 


PLATE  LDL 


(From  patsBt  dzowinga.) 


Fio.  1.  The  J*.  Helm  sweeper  and  omsher,  side 
▼iew!  emshing  blocks,  aV;  wheel,  0; 
frame,  FABttdni  shaft,  2>;  brashes,- 
B, 

Fio.  2.  Same,  crasher  in  section ;  lettered  and  ex- 
plained the  same. 

Fio.  8.  Same,  showing  other  brashes,  F;  section 
yiew,  lettered  and  explained  the  same. 

Fio.  4.  The  W.  Bwing  sweeper  and  stifler,  top 
▼iew;  tray  and  frame,  fto;  wheels,  ds; 
ratchet  pina,  ^A ;  braahea,fl». 

Fio.  S.  Same,  side  riew ;  lettered  and  explained 
thai 


Flo.  e.  The  Wood-Smith  tray  sweeper,  ti 
frames  ioM;  wheela,  #;  p 
axma,  g;  bar,  6;  wing8,M;  I 
d;  handle,  k;  pins,  I;  ilapr 
hinged  at  p ;  ratchet,  t ;  spi 
oiank  lerer,  r ;  whiffletree,  a. 

Flo.  7.  Same,  in  croaa-seotlon ;  lettered 
plained  the  aame. 

Fio.  8.  Same,  longitadinal  aeotion;  letti 
explained  the  aame. 


PLATE  LX. 

DrfBBS  MOTH  TBiJra. 

(Fig.  4, 6  original ;  Fig.S  from  Dept.  Report  on  Cotton  Inaeeta,  ISn,) 

Flo.  L  The  J.  G-.  6.  Cterett  moth  trap,  earlier 
pattern;  stake,  A;  board,  B;  pan,  e; 
lantern,  B;  bracea,  F. 

Fio.  S.  The  B.  F.  McQneen moth iarap,  in  section; 
ooeket,  O;  pan,  Bi  lantern,  A;  de- 
flector, D. ' 


Fio.  8.  The  J.  K.  BinUey 
Fio.  4.  The  J.  B.  Walker  moth 
Fio.  6.  A  aimplemoth  trap. 


PLATE  LXL 
DiTBBs  MOTH  TBAPS(oontinaed). 
(Figs.  1, 8, 6, 6  original ;  Fig.  4,  tmm  patent  drawing.) 


Fie.  1.  The  net  trap;  net,  mn-,  its  open  base,  s, 
with  weight ;  supports,  j ;  lantern,  I ; 
standards,  t;  cleats,  e,  for  bait  bosrd; 
flared  inlet,  lexi  glass  or  bright  de- 
flector, X ;  side  flange,  h ;  roof  flange, 
r ;  ridge  fold,  v ;  W.  S.  Barnard,  inv. 

Fio.  2.  The  J.  G.  G.  Garrett  improved  moth  trap, 
in  eection ;  stake,  « ;  tr&y,  ( ;  liquid 
bait,  X ;  fiances,  e  ;  roof,  r ;  light,  i. 

Fio. 3.  The  J.  Stith  "Cotton-worm  Exterminat- 
or" trap;  tray.d;  opal  {^lass  lantern, 
a;  Bido-flaiigc,  l>;  cover  ftange,  c. 


Fio.  4.  The  J.  M.  Heard  moth  tnp,  in 
tray  and  liquid,  AB;  flange,  1 
ard,  *B;  cone-deflector,  s;  nx 
dD. 

Fio.  5.  The  E.  D.  Pngh  moth  trap,  the 
exposed  :  tray,  A  ;  lantern,  J 
Di  Tial,  E;  pegs,  ab. 

Fio.  6.  The  A.  Le  Blauo  '*  Cotton  M 
Btroyer;  "  wheels,  A ;  plati 
standards,  ed-,  roof,  2>;  si; 
globe  deflector.  E :  cbandelie 
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PULTB  urn. 


Fn.  1. 
F16.2. 


Fio.  4.  AtpOm 


Vto.SL 


;». 


(After  Bfley.) 

(OriciML) 
(OriKtHO.) 


PLATE  LXnL 


5  «, 


patpoB;  d^  Tttlrm;— enlasged. 
no.l  Ifyiop*  /weiote.-  «.  Mde;  6.  feanle,— 
BAteial  aise ;  e,  male  palpna ;  4.  tiiI- 


FM.S. 


ft. 


;    d^   TVlTm;— aU 


fto.i. 


PLATE  LXIV. 
apiDBBS  wmcH  DBstBOT  ALRiA  (oontiBiied). 

(OriciiiaL) 
Flo.  2. 


«.< 


a,  male;  >, 
palpnaj  ^  ▼«!▼»;— all 


«i  male;  ft,  felDal6^- 
;  «,  male  paliMia;  4.  thI- 
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APPENDICES. 


Uowing  appendices  include  such  letters  and  reports  as  contain  matter 
irthy  of  beinj]^  preserved  and  not  fully  used  in  the  hody  of  the  work.  Many 
}rts  of  agents  were  received  in  the  form  of  continued  correspondence  and 
utilized  and  quoted  from  in  the  different  chapters.  Others  again  have 
f  such  value  as  to  warrant  publication.  Some  of  the  replies  to  Circular 
[ntroduction)  are  added  in  Appendix  VIII,  the  replies  being  numbered  to 
i  to  the  questions.  The  reports  as  well  as  the  answers  to  the  circular  are 
it  as  they  were  received  and  without  comment,  though  it  is  hardly  necessary 
;he  reader  who  has  perused  the  different  chapters  that  the  views  and  theories 
Brent  writers  are  not  necessarily  indorsed.  They  are,  rather,  published  to 
;he  conflicting  views  and  theories  held  by  the  more  intelligent  correspond- 
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APPEHDIX    I 


EBPOKT  OF  II.  G.  IIUBBARD. 

Detroit,  Mich,  August y  1881. 

Sin:  I  have  the  honor  to  submit  herewith  my  report  of  observations  made  during 
^he  past  season  upon  Aletia  and  other  insect  enemies  of  cotton,  in  the  State  of  Florida. 
These  observations,  begun  in  Putnam  County  in  the  early  spring,  were  extended  during 
the  month  of  June  over  portions  of  Alachua  County,  as  far  as  Gainesville,  in  the 
heart  of  the  long-staple  district,  and  terminated  in  September  at  Centreville,  in  Leon 
CouDty,  near  the  Georgia  line.  During  March  and  April  I  marie  an  expedition  along 
*the  east  coast,  from  Daytona  (latitude  29^  1.50  to  Jupiter  at  the  southern  end  of  Indian 
Wver  (latitude  27^).  In  this-  thinly  settled  portion  of  the  State,  however,  cotton  is 
onl}' exceptionally  grown,  but  as  it  is  in  this  region  perennial,  occasional  plants  are 
met  with,  which  have  escaped  from  cultivation,  and  still  persist  iu  the  neighborhood 
of  habitations  deserted  during  the  time  of  the  Indian  wars.  Only  one  cultivated  field 
vaa  seen  near  Daytona,  in  which  the  plants,  being  in  the  second  year  of  their  growth, 
bad  attained  a  more  than  average  height,  and  were  at  this  date  (March  27)  in  full 
bloom.  They  appeared  to  be  free  from  the  attacks  of  insect  enemies.  Regarding 
the  latter,  the  information  obtained  from  the  settlers  along  the  coast  was  too  meager 
i^nd  nnreliable  to  furnish  a  basis  for  speculation.  Aletia  appears  to  be  unknown  to 
them,  and  they  complain  only  of  the  depredations  of  a  *'red  spider,''^  probably  the 
fBst  mite. 

In  pQtnam  County,  cotton  has  been  raised  for  many  years,  but  the  acreage  has  never 
'>een  large.  The  plants  are  killed  outright  only  in  «xceptioually  severe  winters. 
I'he  winter  of  1879-^80  having  been  very  mild,  cotton  remained  in  leaf  and  continued 
to  bloom  during  the  entire  season.  Notwithstanding  these  favorable  conditions  Aletia 
does  not  appear  to  hibernate  here.  The  worms  make  their  appearance  every  year, 
hut  always  very  late,  and  are  not  noticed  by  the  planters  until  September  or  October. 

At  Crescent  City,  in  the  southern  part  of  Putnam  County,  my  observations,  begun  iu 
Febniary,  were  continued  during  the  months  of  March,  May,  June,  and  the  first  half 
pf  July.*^  During  this  time  I  made  almost  daily  search  for  Aletia,  but  failed  to  find  it 
iu  aD3r  of  it«  stages.  Only  two  fields  of  cotton  were  planted  the  previous  season,  in 
hoth  of  which  the  caterpillars  were  first  seen  in  September,  shortly  after  a  severe 
easterly  storm.  After  stripping  the  plants  of  their  leaves,  they  "  webbed  up  "  in  great 
numbers  upon  surrounding  objects.  In  one  of  the  fields  youn^^  orange  trees  were 
growing  between  the  rows  of  cotton,  and  to  these  they  did  some  injury  by  completely 
occupying  the  leaves  with  their  chrj^salids.  The  cotton  stalks  put  forth  new  leaves, 
And  as  there  was  no  frost,  continued  to  make  a  straggling  growth  during  the  winter. 
Jhe  later  broods  of  Aletia  appear  to  have  been  entirely  destroyed  by  parasites.  These 
in  tnm  disclosed  and  disappeared,  so  that  at  the  time  of  my  examination  none  of  the 
niaoy  pupffi  examined  were  found  to  contain  life  of  any  sort.  A  small  proportion  had 
died  from  unknown  causes. 

A  much  larger  acreage  of  cotton  was  planted  the  following  year  (1880)  in  the  same 
*nd  adjoining  fields  as  well  as  in  other  ][>art«  of  the  county.  I  therefore  confidently 
expected  to  find  the  first  Cotton  Worms  in  May  or  June.  None  were  seen,  however, 
nntil  my  return  on  September  12,  when  a  single  full  grown  cat-erpillar  of  Aletia  was 
discovered,  a  prolonged  search  failing  to  reveal  another.  During  the  first  half  of 
*)uiielmade  a  trip  to  Gainesville,  journeying  overland,  through  unsettled  portions 
of  Pntnam  and  into  Alachua  County,  on  the  southeastern  borders  of  which  I  louud 
^he  firsts  cotton-fields.  Dr.  F.  M.  McMeekin  (Hawthorne),  a  large  cotton  planter,  and 
]:^*i7  intelligent  observer,  furnished  valuable  information,  a  portion  of  which  I  quote 
^r'»m  my  notes : 

"Aletia  comes  every  year.  The  first  worms  are  all  green,  slower  in  their  devel- 
opipent,  and  less  vorncious  than  later  on.  The  planters  all  notice  this,  and  some 
!»«lieve  the  early  broods  to  be  distinct  from  the  later.  They  sometimes,  when  asked 
"  they  have  the  worm,  reply  that  they  have  *  the  green  worm.*     By  the  middle  of 
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August  worms  of  darker  color  begin  to  appear.  Last  year  (1879)  he  lost  half  of  hi^ 
crop  by  ravages  of  Aletia.  The  worms  were  first  observed  *  as  eiarly  as  Jane,'  in  a 
low  spot,  a  sort  of  sink-hole,  in  the  middle  of  a  field.  In  September  they  destroyed, 
in  a  few  days,  one-half  of  his  crop.  He  used  no  remedies  of  any  kind.  In  hoeing  the 
cotton,  every  plant  passes  under  the  eye  of  the  farm  hand,  who  could,  if  he  were  in- 
telligent or  ordinarily  observant,  easily  detect  the 'worms  when  they  first  began,  or 
soon  after,  and  with  little  labor  they  mi^ht  be  checked.  Negroes  are,  however,  not 
competent  to  do  this.  They  are  superstitions,  and  ver^  reluctant  to  destroy  the  worms, 
because  of  their  belief  in  it^  *  divine  mission.'  Possibly,  Chinese  laborers  might  be 
trained  to  destroy  the  worms  in  this  way.  Dragon  flies  are  seen  every  year  to  destroy 
numbers  of  the  moths.    Tliey  are  particularly  abundant  in  Florida. 

''More  dreaded,  in  this  section  of  the  country,  than  Aletia,  is  the  '  Red  Bug'  (Djft* 
dercua  suturellus  Herrich-Schaefier),  a  coral-red  Hemipteron,  with  elytra  edged  with 
white.  It  appears  iu  the  field  as  soon  as  the  bolls  begin  to  ripen  and  crack.  It  sucks 
only  the  seed,  but  stains  the  cotton,  and  injures  the  fioer.  In  some  years  they  destroy 
every  boll ;  in  others  do  little  damage.  They  are  more  destructive  in  the  aonthem 
counties,  and  do  not  appear  to  range  very  far  north  of  this  point.'' 

Underneath  Dr.  McMeekin's  gin  house  I  found  the  ''Red  Bugs"  in  countless  num- 
bers and  in  all  stages  of  growth  ;  many  of  the  adults  were  in  copulation,  but  the 
eggs  could  not  be  found.  They  were  running  over  piles  of  waste  cotton  seed,  upon 
which  they  lived  exclusively. 

At  Gainesville  a  political  convention  was  in  session,  and  I  met  and  conversed  with 
many  cotton  planters  from  diflerent  parts  of  the  State.     Few  of  these  gentlemen  had 
information  of  much  value  to  impart.    In  regard  to  Aletia,  their  knowledge  had  geiv 
erally  been  derived  from  experience  in  other  States,  and  I  was  struck  with  the  smalt 
importance  attached  to  its  depredations,  especially  iu  the  southern  portions  of  thisState. 
It  was  universally  reported  to  make  its  appearance  so  late  as  to  do  bat  sliebt  injury 
in  ordinary  years.    From  Mr.  W.  H.  Robertson,  of  Gainesville,  I  obtained  the  follow- 
ing notes:  ''Aletia  comes  later  now  than  formerly.    In  1871-'72-'73-'74  the  worms 
did  much  damage.     In  1874  the  cotton  was  all  eaten  up  by  August  21.    They  hegao 
to  be  very  numerous  about  August  18.    On  August  21,  havine  eaten  all  the  cotton, 
some  of  them  went  to  work  on  sugar  cane  in  an  adjoining  field,  but  soon  died  upon 
it.     In  1875,  they  were  not  observed  until  just  before  frost  came,  and  were  all  }dM  ■ 
by  the  cold.    The  worms  always  appear  first  in  a  particular  part  of  the  field,  usually 
where  the  growth  is  rankest,  and  this  with  such  absolute  certainty  that  if  not  found 
there  they  need  not  be  looked  for  in  other  parts  of  the  field.    They  never  attack  the 
cotton  until  it  has  reached  a  certain  maturity.    He  has  never  seen  the  worms  hefore 
the  end  of  June,  usually  not  until  late  in  August ;  sometimes  not  before  October. 
Last  winter,  at  Gainesville,  there  was  frost,  and  even  ice  three  or  four  times  daring 
the  winter,  but  it  did  not  seem  to  do  the  least  harm  to  vegetation,  and  did  not  kill  or 
injure  young  tomato  plants.    He  thinks  the  frosts,  which  lasted  only  a  few  boars, 
would  not  have  killed  the  pupa  of  Aletia. 

"  The  *  Red  Bug'  (Dyadercus)  has  never  been  known  to  destroy  a  crop  in  this  part  of 
the  county.  If  cotton  is  planted  three  times  iu  succession  in  the  same  field,  the  'Red 
Bug'  appears  with  certainty.  It  injures  the  sale  of  cotton,  staining  it  yellow.  Some- 
times a  few  bales  have  to  be  picked  over  because  of  it,  but  it  never  has  done  much 
harm  here.  He  used  to  have  a  few  Boll  Worms,  but  bas  not  seen  them  for  eight  yean. 
Cut- worms  are  sometimes  bad  in  sandy  soil.  Red  Bug  is  only  bad  in  rich  *  hammock' 
land.  Never  has  had  the  Northern  Army- worm.  Some  short^taple  cotton  is  planted, 
but  usually  long-staple.  Mr.  R.  thinks  the  short-staple  is  more  subject  to  attacks  of 
Aletia  than  the  long-staple.  No  one  uses  Paris  green  or  other  poisons  because  of  the 
great  difBculty  of  applying  them  on  lon^-staple  cotton,  which  makes  a  very  heavy 
growth.  At  this  date  (June  10),  when  riding  through  the  cotton,  the  tops  of  some 
plants  can  be  locked  over  the  saddle-bow,  and  later  on  it  will  be  much  higher.'' 

John  S.  Livingston  (Orauge  Springs)  says,  "Red  Bug (Dysdercua)  was  bad  thirty  to 
thirty-five  years  ago,  but  has  not  done  much  damage  since.  The  caterpillar  {Aletia) 
came  after  the  Red  Bug  ceased  to  do  injury.  Twenty-two  years  ago  Aletia  wsb  very 
bad  for  the  first  time  everywhere  in  the  State.  There  had  been  a  few  for  ten  to  thir- 
teen years  before." 

Isaac  Roberts  (6  miles  from  Gainesville)  has  lived  here  since  1833,  at  which  time 
this  part  of  the  State  was  wilderness,  and  no  cotton  raised.  He  thinks  the  caterpil- 
lar was  known  to  damage  cotton  where  raised  in  more  northern  portions  of  the  State 
at  that  early  date.  In  Alachua  County,  which  at  that  time  included  all  the  country 
between  the  Saint  John's  and  Suwannee  Rivers,  cotton  was  not  raised  until  aft«r  1842. 
The  worm  was  here  at  the  earliest  date.  He  has  never  seen  Aletia  earlier  than  July, 
generally  not  before  August  1.  It  frequently  does  not  appear  until  October,  as  was 
the  case  last  year  (1879).  He  never  has  been  damaged  by  Red  Bug  (Dy8dercus)y  and 
knows  very  little  about  this  insect  from  personal  experience.  They  are  seen  in  his 
cotton,  but  not  in  sufiicieut  numbers  to  do  harm. 
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The  ex|>erience  of  many  other  planters  does  not  differ  materially  from  that  which 
lias  been  already  given.  '^ 

The  soil  of  eastern  Florida  is,  with  few  exceptions,  light  and  sandy.  To  this  is  very 
irenerally  attribnted  the  prevalence  of  Cat-worms  (varloas  Noctuids,  inclading  Htluy- 
thi»  armi^era),  which  do  much  injury  to  cotton  as  soon  as  it  comes  up,  catting  off  the 
yonng  plants  at  the  surface  of  the  ground.  A  black  cricket,  which  I  have  not  been 
able  to  capture,  has  the  reputation  of  doing  injury  in  the  same  manner.  Like  the 
C^ut^ worms  it  is  nocturnal,  and  lives  by  day  in  long  burrows  under  the  sand.  To  the 
poverty,  or  someotherqualityof  the  sandy  soil,  is  often  laid  the  ruin  caused  by  **rust," 
'^faan  which  no  greater  pest  of  the  cotton  plant  exists.  I  am,  however,  of  the  opinion 
tihat  *  *  rust/*  a  fungus  which  attacks  the  parenchyma  of  the  leaves,  causing  them  to  turn 
led  and  fall,  and  ultimately  blasting  the  entire  plant,  is  a' direct  sequence  to  the  at- 
tacks of  a  mite,  always  found  more  or  less  infesting  cotton.  It  will  be  referred  to  in 
this  report  as  the  "  rust  mite,"  and  is,  perhaps,  identical  with  the  "  red  spider"  of  the 
planters.  Some  other  insects  depredating  on  cotton  in  East  Florida  will  be  treated 
•of  later  on. 

On  July  14,  Aletia  not  having  made  its  appearance  at  Crescent  City,  at  Professor^ 
Kiley's  direction  I  removed  to  Leon  County,  and  took  up  my  residence  at  Contreville,. 
twelve  miles  north  of  Tallahassee,  with  Mr.  T.  J.  Roberts,  who  kindly  received  mer 
npon  his  plantation,  and  during  my  seven  weeks'  stay  was  most  assiduous  in  offering 
me  every  assistance  within  his  power.  Mr.  R.  is  widely-known  as  a  keen  observer, 
<and  is  invariably  the  first  to  report  the  appearance  of  the  caterpillar  in  this  State. 
Two  full-grown  worms  were  found  by  him  this  year  on  the  5th  of  June.  In  former 
years  he  has  found  them  as  early  as  May  9. 

At  the  time  of  my  arrival  Aletia  had  evidently  passed  through  several  broods.  The 
caterpillars,  although  by  no  means  abundant,  were  found  in  all  parts  of  the  planta- 
tion. This  Mr.  Roberts  considers  unusual,  and  attributes  to  the  remarkably  even 
growth  of  the  cotton  this  year,  which  is  not  ranker  in  one  part  than  in  another.  Other 
planters  in  the  neighborhood  had  begun  to  report  the  caterpillar  as  occasionally  seen, 
especially  on  low  ground.  The  moths  were  also  seen  in  small  numbers.  About  tho 
first  of  August  there  was  every  indication  that  unless  a  vigorous  fight  was  made,  by 
the  application  of  poisons,  a  clean  sweep  woald  be  made  by  the  caterpillars  during  the 
month.  Not  only  were  their  *  *  webs  "  (pupse)  scattered  over  the  entire  acreage,  bu  t  also 
.  in  several  places  patches  of  five  or  six  acres  were  entirely  denuded  of  leaves,  and  the 
moths  bad  there  appeared  in  great  numbers.  By  the  6th  of  the  month  the  moths  were 
seen  everywhere  about  the  plantation,  and  eggs  were  laid  by  millions  in  every  part 
of  the  cotton  fields.  The  worms  of  the  next  brood,,  however,  failed  to  appear  in 
great  numbers,  as  about  90  per  cent,  of  the  eggs  were  destroyed  by  the  Trichogramma 
e^g  parasite  (T.  pretioga  Riley).  Daring  the  remainder  of  August  this  and  other  para- 
sites, which  made  their  appearance  in  greater  abundance  as  the  season  advanced, 
saccessfolly  held  the  worms  in  check.  By  the  first  of  September  the  caterpijlars  weie 
so  nearly  exterminated  that  it  became  dimoult  to  obtain  them  in  sufficient  quantities 
for  experimenting  with  poisons.  On  the  5th  of  September  I  left  Centreville,  and,  after 
paying  a  flying  visit  to  Crescent  City,  where,  as  before  related,  I  found  Aletia  just 
making  its  appearance,  I  returned  to  Washin^^n.  On  the  return  I  made  an  excursion 
to  Selma,  Ala. ,  and  there  for  a  few  days  assisted  other  observers  in  making  expori- 
ments  with  poisons,  the  details  of  which  will  be  given  elsewhere  in  their  reports. 
After  leaving  Centreville  I  had  the  misfortune  to  lose,  with  a  portion  of  my  baggage, 
a  large  part  of  my  field  notes  and  a  number  of  microscopic  slides  with  paVanites  and 
other  minute  insects  infesting  cotton,  a  loss  which  will,  I  fear,  seriously  impair  my 
report  upon  a  large  and  important  part  of  my  summer's  work. 

ALEXIA.— SUCCESSION  OF  BROODS. 

An  examination  of  all  the  data  obtainable  gives  the  following  as  most  probably 
correct  for  the  succession  of  the  different  broods  of  Aletia  at  Centrevillo  during  the 
season  of  1880.  First  appearance  of  the  caterpillar  (first  brood),  early  (?)  in  April. 
Second  brood,  from  the  middle  of  May  to  the  middle  of  June.  (On  June  5  two  f  nil- 
grown  cateqwllars  were  taken  by  Mr. Roberts;  they  "webbed  up"  on  the  following 
day).  Third  brood,  from  June  15  to  July  15.  Fourth  brood,  from  July  15  to  August 
9.     Fifth  brood,  from  August  9  to  September  3. 

On  my  arrival  (July  16)  a  few  full-grown  worms  and  pupai  were  found  iu  rliiTerent 
parts  of  the  cotton  fields.  These  are  presumed  to  have  been  lagging  individual  of 
the  third  brood,  and  were  soon  re-enforced  by  numerous  young  worms  and  eggs  of  the 
fourth  brood.     July  20,  the  following  entry  occurs  in  my  note  book: 

In  the  main  field  of  200  acres  the  worms  are  still  very  much  scattered,  but  their 
number  is  increasing  over  its  whole  extent — that  is,  they  are  working  uj)  from  below, 
and  appearing  in  sight  upon  the  upper  and  outer  leaves  of  the  plauts  as  they  increase 
in  size.  A  portion,  about  5  or  6  acres,  of  this  field  wa«  planted  at  least  twenty 
days  later  than  the  rest.    I  shall  hereafter  designate  it  as  the  younq  cotton.    U.\^\v5i'«?* 
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of  the  same  height  as  the  surrounding  cotton,  but  has  fewer  maturing  bolls.  A  part 
of  this  young  cotton  is  in  a  hollow,  where  it  grows  very  tall  antt  rank  ;  the  reiDainder 
stretches  up  the  hill-sides  on  either  hand.  The  portions  on  the  hill-sides  are  now  very 
much  "  ragged,"  some  plants  having. nearly  every  leaf  eaten.  The  portion  in  the  Iwi- 
tom  is  least  attacked  of  any,  though  not  by  an^  means  free  from  worms.  The  \rorni8 
in  this  young  cotton  are  beginning  to  web  up  m  large  numbers.  Of  the  leave*  now 
beiug  folded,  the  greater  number  contain  larvse  just  beginning  their  webs;  uest  in 
point  of  numbers  are  leaves  containing  larvae  not  yet  in  pupa ;  and  last,  fully  fornipd 
pupse.  I  gathered  at  random  25  or  30  pupa*,  all  of  which  had  their  full  color.  Allttw 
pupa?  were  placed  he^id  toward  the  base  of  leaf.  About  one  quarter  of  the  iincbaD};«d 
and  feeding  larva)  in  sight  are  dark  colored.  I  find  a  few  pnpa^  from  which  moths 
have  already  disclosed.  V'ery  young  larvae  and  eggs  are  also  common,  as  well  as  every 
intermediate  stage.  I  have  seen  very  few  moths  anywhere,  none  at  all  among  the 
**  young  cotton."  There  is,  however,  a  comer  of  the  field  through  which  passes  a 
ditch,  along.which  the  cotton  plants  are  more  widely  separated,  and  grow  low  and 
spreadiDg,  giving  dense  shade  close  to  the  ground.  Such  plants  evidently  afford  ac- 
ceptable lurking  places  foi  the  moths  during  the  daytime.  The  first  Si"en  were  found 
here,  July  17,  and  I  have  since  started  a  few  whenever  I  have  passed  through  this 
])art  of  the  field.  I  do  not  think  the  moths  give  these  plants  the  preference  indeposi- 
their  eggs,  and  the  worms  are  not  more  numerous  here  than  elsewhere.  The  fol- 
lowing is  a  detailed  examination  of  one  such  plant,  selected  for  medium  height, 
spread,  and  general  dovelopment. 

Plant  Xo.  1,  July  27. 
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Axillary  leaf 


Axillaxy  leaf. 

Involpcre  of  flower-bod. 
A  large  lenf,  bftdly  ragged. 

Tonng  but  full-grown  le«f. 

Fnll-grown     leaf,     badly 
rngired. 

Involucre  of  flower-bnd. 

Stunted,  axillory  leaf. 

Old,  large  leaf. 
Do. 

Young  leaf,  egg-abell  on  up- 
per Burfaee. 

Involucre  of  flower-bod. 

Lariro  loaf,  hardly  ragged. 

Axillary  leaf 

Badly  aanded  leaf. 

Immature  li'af  of  a  sprout  aft 
base  of  atalk. 

A  large  bmnoh  joinin  r  main 
atem  at  baae.  with  aevea- 
feen  loftTew,  leaa  mature 
than  tboMo  of  main  atalk. 


The  main  stalk  bore  aixty  leaves,  of  which  twelve  were  immature  and  but  slightly  fVetted  by  ]arr». 
Tlio  leaves  are  numbered  from  the  top  downwards,  Nos.  1  to  26  beiog  upon  the  upper  holf,  Kos.  I  to  •• 
upon  the  lower  half  of  the  plant.    Xlie  lower  leave.s  were  all  somewhat  sanded,    gn.  indieAt^>K«woniM 
of  preen  color;  bk.,  those  with  dark  bands;  X  indicates  eggs  parasitised  by  Tricbogramma  and  tun- 
the  single  sound  egg  is  marked  0. 


\nii  black 
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As  the  motlis  live  and  continue  to  lay  eggH  for  many  days,  it  follows  that  the  suc- 
;s8ive  generations  rapidly  become  intermingled  and  confused.  Any  division  into 
cact  periods  is  therefore  hypothetical,  but  the  maximum  number  of  generations  can 
3  arrived  at  with  certainty  by  combined  observations  in  the  field  and  in  vivaria. 
The  following  statement  exhibits  in  tabular  form  the  conditions  observed  in  the 
eld,  together  with  the  periods  of  time  occupied  in  each  stage  of  growth,  as  dcter- 
tinedby  nuiluerous  experiments  made  from  time  to  time  in  vivaria  indoors  and  under 
ettiogs  in  the  field : 
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As  tbe  earlier  broods  did  not  fall  under  my  observation,  there  may  be  a  question  as 
to  tbeir  number,  but  the  season  of  1880  being  an  early  one,  it  is  probable  that  the  first 
brood  was  no  later  in  making  its  appearance  than  in  former  years,  when  grown  worms 
were  seen  early  in  May.  In  this  case  the  first  brood  will  have  begun  in  April.  The 
two  larvie  found  by  Mr.  Roberts  on  June  5,  and  which  pupated  on  the  following  day, 
will  then  fall  into  the  second  brood;  and  the  moths  appearing  about  the  middle  of 
the  month,  an  interval  of  thirty  days  remains  to  be  occupied  by  the  third  brood. 
DnriDg  this  period  the  eggs  were  scattered  over  the  entire  plantation,  and  as  their 
<lepositiou  was  probably  continued  many  days,  the  succeeding  generations  became 
confused. 

The  past  season  has  been  hot,  and  with  an  unusual  amount  of  rainfall,  ]»articu1arl7 
iliiring  the  month  of  August,  conditions  which  are  usually  regarded  as  favorable  to 
the  development  of  Aletiy,  and  unfavorable  to  enemies,  but  which  at  Centreville do 
not  appear  to  have  hindered  iu  the  slightest  degree  the  spread  of  certain  parasites— 
notably  the  minute  egg  parasite  {Trichogramma). 

My  observations  upon  the  egg  of  Aletia  simply  confirm  what  has  been  already  noted 
by  other  observers,  and  I  have  not  thought  it  of  advantage  to  multiply  tables  which 
would  give  results  not  differing  materially  from  those  shown  in  the  one  already  pro- 
4liiced.     I  found  the  eggs  almost  invariably  depositee^  on  the  under  side  of  the  le.if, 
often  close  to  but  very  rarely  upon  a  vein.     Exceptionally  they  were  found  upon  the 
upper  surface  of  a  leaf,  and  in  one  or  two  instances  upon  the  involucre  of  a  flower. 
In  July  an  undue  pioportion  appeared  to  be  deposited  upon  axillary  leaves,  i.  c. 
those  growing  upon  the  main  stalk,  in  the  axils  of  branches.    Such  leaves  are  often 
aborted  in  size,  have  smooth  surfaces,  and,  though  very  mature  and  tough,  areseldoio 
rnsted  or  infested  with  plant  lice.    They  appear  to  afford  the  roost  favorable  food 
material  to  the  very  young  larvie.     The  middle  third  of  most  plants  bears  the  great' 
<;st  number  of  eggs,  although  the  lower  leaves,  even  when  much  sanded,  are  often  not 
<lisdained  by  the  mother  moths.     These,  as  a  rule,  deposit  but  oue  egg  upon  a  leaf; 
rarely  two  appear  to  be  laid  upon  the  same  leaf  by  a  moth,  in  which  case  they  are 
found  close  together,  and  were  probably  deposited  simultaneously.     Upon  leaves 
marked  for  special  observation  I  have  had  three  eggs  deposited  during  the  same  night. 
The  number  found  upon  a  single  leaf  will  depend  upon  the  abundance  of  moths,  the 
condition  of  the  plants,  &c.     I  have  never  observed  more  than  seven  unhatched  eggs 
upon  the  same  leaf.     Eggs  are  laid  during  the  first  part  of  the  night  and  early  morn- 
ing.    I  believe  few  are  deposited  between  midnight  and  2  oVlock  a.  m.    In  the  period 
of  incubation  I  found  little  variation  ;  the  young  worms  appeared  on  the  fourth  day, 
«eventy-two  to  eighty-four  hours  from  the  laying  of  the  egg,  hatching  nsaally  in  the 
early  morning.     The  young  worms  appear  upon  the  outer  or  upper  leaves  of  the  plant 
,  when  nearly  half  grown. 

Only  green  worms  were  seen  until  the  fourth  brood  was  well  advanced,  in  the  lat- 
ter part  of  July.  Worms  with  dark  stripes  then  appeared,  and  gradually  l>e<'nnie 
more  numerous,  until  at  the  close  of  the  fourth  and  throughout  the  fifth  broiMl  rln  y 
Dutnumbered  the  green  worms.  Numerous  tests  failecl  to  show  any  difference  iu  timo 
of  development  betweeu  the  two  forms.  The  worms  were  seldom  seen  feeding  at 
night,  and  only  on  bright  moonlight  or  starlight  nights.  Many  specimens  were,  how- 
€;ver,  bied  from  the  egg  to  the  moth  in  tight  tin  boxes,  and  this  exclnsion  of  light 
appeared  to  have  no  eU'ect  upon  the  coloration.  Of  those  fed  upon  immature  leaves 
a  greater  proportion  remained  uniformly  green  ;  but  t^e  experiment  was  not  conclu- 
sive, as  not  a  few  of  those  fed  upon  mature  leaves  remained  equally  light-colored, 
while  dark  forms  occurred  in  all  my  breeding-boxes.  I  was  unable  to  find  the  worms 
feeding  upon  other  plants  than  cotton,  either  in  the  cultivated  fields  or  woods  in  the 
vicinity.  Although  I  sometimes  failed  to  observe  more  than  three  or  four  molts,  a 
variation  from  the  normal  number,  five,  was  never  satisfactorily  made  out. 

It  is  often  asserted  by  the  planters  that  cotton  in  the  shade  of  trees  is  not  eaten  by 
the  caterpillars.  My  own  observations  upon  this  point  gave  conflicting  reaults.  Whife 
in  some  cases  I  found  cotton  thus  shaded  entirely  untouched,  although  the  surroaud- 
ing  plants  were  much  ragged,  in  other  marked  instances  shade  appeared  to  exercise 
uo  protective  influence.  The  following  transcript  from  my  notes  gives  one  case  in 
point.  It  records  the  discovery  of  a  brood  center  belonging  to  the  fifth  generation. 
August  20:  I  learned  to-day  of  a  portion  of  the  field  where  caterpillars  were  to  be 
found,  and  visited  it.  It  is  a  small  area  of  "  bottom  land,''  bordering  upon  the  road. 
The  cotton  is  somewhat  ragged,  and  worms  of  all  sizes  are  moderately  abandant 
There  are  worms  just  webbing  up  and  pupse  both  vacated  and  living.  Young  worms 
(one- third  grown)  are  the  most  abundant,  but  eggs  are  scarce,  and  I  saw  but  one  or 
two  moths.  This  is  evidently  a  center  of  the  brood  following  that  in  the  "yonog 
cotton,"  which  is  in  the  same  held  about  a  quarter  of  a  mile  distant.  By  the  side  m 
the  road,  and  covering  a  portion  of  this  bottom,  stands  a  very  large  oak  tree,  with 
low,  spreading  branches,  casting  quite  a  dense  shade.  The  tree  has  lieen  girdled  and 
is  slowlj'  dying,  but  has  not  lost  its  leaves.  The  cotton  rows  under  it  are  unbroken. 
The  plants  standing  close  about  its  trunk  arc  very  tall  and  rank,  with  large  and  folly 
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matured  leaves ;  they  are  covered  with  caterpillars,  and  even  more  hadly  ragged  than 
those  outside  iu  the  sun. 

Cases  of  apparently  whimsical  exemption  from  attack  are  sometimes  met  with.  Aa 
for  example  two  fields,  separated  only  hy  the  turn  of  a  furrow,  one  of  which  is  eaten 
up  to  the  last  row  and  the  other  left  untouched.  In  these,  as  well  as  iu  cases  wJier& 
sEade  is  found  to  exercise  a  protective  influence,  I  am  inclined  to  suspect  an  explana- 
tion will  be  found,  as  bas  been  suggested  by  others,  in  a  difference  in  the  nectar  se- 
cretion of  the  leaf  glands,  the  moths  being  perhaps  attracted  to  those  plants  where 
the  flow  of  nectar  is'greatest,  and  avoiding  those  where,  from  some  cause,  but  little 
is  secreted.     As  to  the  laws  which  ffovem  the  secretion  of  nectar  I  know  nothing. 

The  period  of  larval  existence  was,  at  Centf^ville,  about  nine  days  in  July  and  ten 
days  in  Aognst.  In  vivaria  in  the  house  the  time  was  extended  to  fourteen  days  in  the 
former  and  sixteen  days  in  the  latter  month.  The  worms  occupy  nearly  the  whole  of 
one  day  in  completing  their  webs  or  cocoons;  the  following  day  they  change  to  pupii^ 
'^hich  attain  their  fuil  brown  color  before  morning  of  the  third  day. 

The  pupa,  except  in  cases  of  accidental  reversal,  is  invariably  found  with  the  head 
towards  the  base  of  the  leaf.  The  pupa  state  lasts  from  eight  to  eleven  days  in  July,. 
Crom  seven  to  eight  days  in  August.  The  warm,  damp  nights  in  August  seemed  to 
liasten  their  development. 

The  moths  begin  to  emerge  from  pupa  soon  after  sunset,  and  continue  to  .apppar 
during  a  great  port  of  the  night.     In  August,  on  cloudy  days,  large  numbers  disclosed 
St  6.30  p.  m.     The  period  of  existence  in  the  imago  stage  is  difficult  to  determine 
"With  certainty.     The  males  probably  die  soon  after  copulation.     In  the  fourth  and 
£fth  broods  the  life  of  the  female  is  certainly  not  more  tnan  fifteen  days.     Under  not- 
hing in  the  field,  they  survived  nine  or  ten  days,  laying  eggs  nightly  during  at  least 
lisdf  of  this  period,  and  dying  without  having  deposited  alltheir  ova.     I  am  inclined 
to  think  the  average  life  of  a  moth  in  freedom  is  about  ten  days.     In  vivaria,  when 
deprived  of  moisture,  they  invariably  died  in  four  or  five  days.     By  keeping  the  air  in 
the  breeding  jar  moist,  and  giving  them  fresh  cotton  leaves  sprayed  with  water,  their 
life  was  prolonged  in  some  cases  eleven  days.    They  drank  greedily,  lapping  up  with 
their  proboscis  the  artificial  dew  produced  by  an  atomizer.     I  first  observed  copu- 
lation in  my  breeding  jars  on  August  7.     The  following  is  a  transcript  from  my 
notes  of  that  date : 

At  6  o'clock  this  morning  I  found  two  Aletia  moths  in  copulation  ;  they  disclosed 
last  evening  from  pupao  that  I  was  handling.  I  watched  them  about  fifteen  minut-es, 
when  they  quietly  separated.  The  male  genitals  were  not  much  protruded.  The- 
two  terminal  plumes  clasped  the  body  of  the  female  on  either  side,  but  I  was  unable 
to  observe  the  position  of  the  other  parts.  The  male  rested  with  wings  horizontal  in 
the  usual  position,  the  female  held  the  wings  raised  vertically,  a  position  I  have  never  • 
iteen  it  assume.  Neither  sex  made  any  movement  until  they  separated,  when  the  male- 
genitals  were  retracted  at  once  to  the  normal  position. 

My  next  observation  was  on  August  14,  when  I  found  two  pairs  in  copulation  at  4 
a.  m.  On  this  occasion  I  watched  my  jars  during  the  entire  night,  except  between 
the  hours  of  2  and  4  a.  m.,  when  I  unfortunately  ^11  asleep.  On  awaking  at  4  a.  m., 
I  found  one  pair  in  coitu  in  jar  No.  9  and  another  pair  in  jar  No.  11.  Both  contained 
moths  which  had  emerged  from  pupa  three  nights  before  (August  II).  Evidently 
copulation  had  been  in  progress  some  time,  for  they  soon  separated,  when  disturbed 
by  the  fluttering  of  the  other  moths.  Both  sexes  held  the  wings  horizontal.  As. 
to  the  position  of  the  genitalia  nothing  new  could  be  made  out.  Many  fertile  egga 
bad  been  deposited  in  the  same  jar  earlier  in  the  night,  and  probably  by  moths  that 
bad  copulated  during  the  first  or  second  nights.  My  breeding  jars  have  been  under 
observation  at  all  hours  up  to  1  a.  m.,  but  copulation  was  never  seen  during  thisi>art 
of  the  night.  Up  to  August  14  my  night  work  in  the  fields  had  never  been  continued 
later  than  1  a.  m.,  and  conseanently  Ihadnever  seen  copulation  there.  Subsequently 
I  made  observation^  during  the  early  morning  hours,  and  on  several  occasions  found 
moths  in  coitu  just  before  daybreak.    The  coupling  ceased  as  soon  as  it  became  light. 

During  the  day  it  is  the  invariable  habit  of  the  moth  on  alighting  to  turn  the  head 
downward.  After  dark  and  throughout  the  night,  they  retain  indifferently  any  posi- 
tion they  may  happen  to  take  on  coming  to  rest.  At  dawn,  as  the  light  increases,  it 
is  a  curious  sight  to  see  the  moths,  one  f^er  another,  reverse  their  positions,  and  set- 
tle themselves  for  their  diurnal  nap.  Aletia  does  not  appear  to  me  to  be  greatly  at- 
tracted by  light;  on  the  contrary,  the  moths  often  seem  to  be  repelled  by  it.  In 
carrying  a  lantern  through  the  fields  at  night,  an  occasional  specimen  flew  against 
the  glass,  often,  as  it  seemed  to  me,  in  anger.  Multitudes,  disturbed  by  the  light,, 
flew  up  at  my  approach  and  vanished  in  the  darkness  overhead.  So  wary  do  they 
become  when  a  strong  light  falls  upon  them  that  observations  of  their  habits  by  night 
are  rendered  exceedingly  difficult,  and  I  never  once  succeeded  in  watching  closely  a 
moth  in  the  act  of  laying  her  eggs.  Late  in  the  season,  when  the  moths  roam  far  and 
wide  in  search  of  fruit,  many  fly  into  lighted  rooms  through  the  open  windows,  show- 
ing that  for  certain  iudividaals  light  has  some  attraction. 
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I  believe  also  that  a  broad  glare,  like  that  of  a  bonfire,  attracts  a  neater  namber 
than  the  concentrated  light  of  a  lantern.  I  have  also  known  them  to  fly  at  the  glow- 
ingend  of  a  cigar. 

That  the  moths  are  exceedingly  fond  of  fruit,  is  a  fact  too  well  known  to  leqniie 
iteration.  I  found  them  clustering  upon  figs,  peaches,  and  especially  upon  persimmoni, 
which  attract  them  from  great  distances. 

KXPERIMBNTS  WITH  POISONS. 

Pyrethrum. — Samples  of  the  powder  sent  roe  by  the  Commission  were  of  two  sorts, 
Milco's  Californian  Bnhach  and  an  imported  product.  To  test  their  relative  strength, 
sixty  Cotton  Worms  were  collected  and  divided  into  two  lots,  as  equally  as  possible,  so 
that  neither  set  should  contain  an  undue  proportion  of  old  or  of  young  worms.  Each 
set  was  placed  in  a  Mason  jar,  and  thoroughly  dusted  with  a  small  quantity  of 
powder,  one  jar  with  the  Buhach,  the  other  with  the  imported  pyrethrum.  The 
worms  were  immediately  afterwards  turned  out  upon  newspapers  spread  upon  the 
ffround.  Those  dusted  with  Bnhach  were  paralyzed  and  unable  to  crawl  about  in 
from  15  to  20  minutes.  Those  treated  with  imported  pyrethrum  were  similarly 
affected  iu  from  25  to  30  minutes.  In  both  lots  the  worms  began  to  be  affected  in  less 
than  one  minute,  and  nearly  all  died  within  12  hours.  Another  experiment  was  made 
upon  one  hundred  worms  of  all  sizes,  in  which  the  i>owder  (imported)  was  appli^  io 
the  open  air  by  means  of  a  bellows.  Worms  on^-fifth  to  one-third  grown  were  com- 
pletely paralyzed  in  10  minutes;  worms  one-half  grown  in  30  to  45  minutes;  full- 
Cwn  worms  showed  the  full  effect  of  the  poison  aner  several  hours.  In  about  Uiree 
irs  the  smaller  worms  appeared  to  be  dead.  The  oldest  worms  did  not  die  before 
night.  Experiments  were  made  in  the  field  upon  Aletia  larvse,  using  very  small 
quantities  of  pvrethrum  powder.  A  few  particles  dropped  with  the  fingers  npon 
worms  from  half  to  full  grown  produced  convulsions  in  from  3  to  10  minutes.  The 
action  of  the  poison  is  much  more  powerful  upon  young  than  ui>on  old  worms,  but 
depends  in  each  case  less  upon  the  amount  of  powder  used  than  upon  the  part  of  the 
body  it  first  touches  or  the  method  of  applying  it.  Very  small  particles  placed  upon 
the  sides  of  the  larvse,  especially  near  the  anterior  spiracles,  produce  a  more  marked 
effect  than  larger  quantities  dropped  upon  their  backs  or  lodged  among  the  hairs. 
The  effect  is  also  enhanced  by  driving  the  powder  with  force  against  them,  by  means 
of  a  bellows,  for  example,  as  the  pnrticles  are  thus  driven  into  closer  contact;.  The 
effect  of  Californian  Buhach  (pyrethrum)  powder  upon  young  Aletia  larvse  is  shown 
in  the  following  experiments,  the  object  being  to  ascertain  the  minimum  quantity 
that  could  be  used  with  effect : 

All  the  larvae  were  hatched  last  night  (August  10),  from  eggs  laid  in  breeding  jardnr- 
ing  the  night  of  August  7  (except  larva  [it],  which  was  only  a  few  hours  from  the 
«gg). 

(a)  Three    minute   fragments   of   pyrethrum  laid  upon  back  (terminal  half  of 
body )  with  the  point  of  a  needle :  larva  affected  in  15  seconds ;  convulsed  in  1 
minute  and  15  seconds.    Died  in  p.  m. 
(&)  One  miuute  fragment  applied  on  back  (anterior  segments) :  fragment   dropped 
off  in  3  minutes ;  probably  only  adhered  to  hairs  of  body  3^  minutes ;  larva 
appeared  affected  but  slightly ;  after  three  hours  larva  appears  to  have  re- 
covered.   P.  m.,  went  to  eating  and  fully  recovered.    This  is  a  very  vigoroos 
larva,  probably  several  hours  older  than  the  rest.    (August  12th ;  has  grown 
larger,  and  eating  well. ) 
<o)  One  almost  microscopic  fragment    applied,  with    needle  point,  to  side  near 
spiracles:  evidently  affected  in  15  seconds;  convulsed  in  1^  minutes.    Frag- 
ment adhered  one  minute.    Larva  died  in  p.  m. 
{d)  One  very  minute  fragment  (almost  microscopic  fragment)  applied  on  side  of 
body  near  middle.    Larva  lost  sight  of  during  4  minutes,  at  end  of   which 
time  was  entirely  convulsed.    Died  in  p.  m. 
{e)  Several  (3  or  4)  small  fragments  applied  on  sideof  body :  affected  in  30  seconds; 

convulse'd  after  2  minutes  15  seconds.    Died  in  p.  m. 
</)  One  minute  fragment  on  middle  of  back  :  affected  in  1  minute  15  seconds ;  con- 
vulsed in  3  minutes;  fragment  dropped  off  in  3  minutes.    Four  o'clock  p.  m., 
larva  recovering ;  later,  went  to  eating ;  entirely  restored.  (Aug.  12,  alive  and 
well.) 
{g)  One  microscopic  fragment  on  back  at  anal  extremity  of  body  and  very  soon 
lost  off  (20  seconds  f).     Seemed  affected  after  5  minutes  ;  examined  after  2 
hours,  seems  not  injured.    In  p.  m.,  entirely  well  [see  (^')]* 
(h)  One  large  fragment  (size  of  ^^  blowfly"  egg)  applied  for  5  or  6  seconds  to  side  of 
body,  near  or  upon  spiracles:  affected  in  2  minutes;  convulsed  in  4  minutes; 
2  hours,  unable  to  move  about ;  4.30  p.  m.,  still  alive  but  disabled.    Died  be 
fore  uight. 
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(i)  Ooe  entirely  microscopic  fragment  applied  to  back  of  neck :  affected  in  1^  min- 
utes ;  convalsed  in  3  roinates ;  4.30  p.  m.,  appears  recovering.  (August  12, 
larva  died  this  morning). 

{k)  Ooe  entirely  microscopic  fragment  applied  underneath  anterior  segments  be- 
tween legs:  adhered  only  a  few  seconds;  appears  affected  after  15  minutes, 
bnt  able  to  move  about.  4.30  p.«m.,  recovering  and  eating;  later,  fully  recov- 
ered.    (August  12,  alive  and  well.) 

Note.— Larveb  (/)  (m)  and(n)  were  treated  as  follows:  A  small  quantity  of  pyre- 
thrum  placed  on  a  piece  of  paper  was  lightly  sprayed  with  an  atomizer,  and 
allowed  to  remain  covered  with  drops  of  moisture  for  about  10  minutes.  The 
larvsB  were  then  touched  with  a  needle  dipped  in  this  x>oisoned  dew. 

(0  A  Bingle,  very  slight,  and  probably  insufficient  application  beneath  anterior  seg- 
ments :  no  moisture  adhered  to  larva :  affected  after  1  minute  15  seconds ;  1 
hour  later,  appears  torpid  but  not  convulsed.  4  p.  m.,  recovered  and  eating. 
(August  12,  alive  and  well.) 

(w)  Touched  with  poisoned  dew  about  anterior  segments,  and  moisture  left  upon 
the  back  of  the  segments;  more  thoroughly  applied  than  in  preceding  larva ; 
affected  in  45  seconds ;  convulsed  in  2  minotes.  4.30  p.  m.,  recovered.  (Au- 
gust 12,  alive  and  well.) 

(n)  A  very  young  larva,  probably  hatched  late  this  morning,  was  allowed  to  crawl 
along  needle  and  over  a  drop  of  poisoned  dew  :  instantly  affected;  convulsed 
in  15  seconds.    Died  in  p.  m. 

ig')  Second  experiment  with  larva  (g)  made  in  p.  m.  One  fragment,  size  of  blowfly 
egg,  laid  on  back,  middle  of  body,  not  touching  the  skin,  but  adhering  to  hairs; 
dropped  off  in  30  seconds  ;  evidently  affected  in  45  seconds  ;  completely  con- 
vulsed in  2  minutes.    Died  in  a  few  hours. 

Pyrethrum  powder  was  blown  with  a  bellows  upon  AleMa  moths  clustering  upon 

ripe  figs  at  nigbt.    The  moths  were  evidently  affected,  but  flew  away  in  a  few  minutes. 

No  fresh  moths  alighted  upon  fruit   thus  dusted,  but  as  the  powder  rapidly  loses  its 

strength  when  exposed  to  the  air,  the  protection  afforded  by  it  to  fruit  probably  lasts 

only  a  few  hours,  and  it  cannot  therefore,  be  recommended  for  this  purpose. 

Tried  upon  different  insects,  it  appears  to  affect  the  higher  Hymenopteta  more  than 

other  insects.     Ants  are  almost  instantly  affected.    Wasps  continue  feeding-  for  about 

tireoty  seconds,  and  are  violently  affected  in  from  one  to  two  minutes.     Larvae  of  all 

kiods  are  more  quickly  affected  than  imagos.    Termites,  owing  probably  to  their 

teoder  bodies,  are  instantly  affected  and  sqou  killed.     Spiders  resist  longer  than 

.anything  else.     They  sometimes  change  their  skins  when  dusted  with  the  powder, 

iopria  and  Phanaus  are  slightly  affected,  and  long  resist  the  action  of  the  powder. 

Scolopendrida  affected  similarly  to  spiders.     Bugs  slightly  affected,  especially  the 

large  and  heavily  armed  predaceous  species.     Large  grasshoppers  slightly  affected. 

Beaches  very  violently  affected.    These  observations  refer  to  the  immediate  action 

of  the  dry  and  undiluted  powder,  and  are  comparative  only.    There  is  no  doubt  tha.t 

insects  often  recover  from  slight  applications. 

Experiments  in  the  field,  with  the  dr^  powder  sifted  upon  the  plants,  gave  very  un- 
satisfiwstory  results,  unless  large  quantities  of  the  powder  were  used.  On  August  28, 
a  very  windy  day,  I  tried  an  application  with  the  bellows,  allowing  the  wind  to  carry 
tbn  powder  in  fine  clouds  through  the  foliage,  and  using  about  one  pound  to  the  acre. 

lo  this  way,  owing  partly  to  the  impossibility  of  itecnring  an  equal  distribution, 
some  worms  were  affected  at  a  distance  of  ten  or  fifteen  feet,  while  others,  much  nearer, 
vere  not  affected  at  all.  1  have  reason  to  believe  that  very  few  worms  were  killed 
outright  at  this  trial.  Some  recovered  in  a  few  hours.  A  number  of  those  which 
thowed  signs  of  pain,  but  had  been  very  lightly  dusted,  I  confined  in  vivaria,  and  all 
completed  their  transformation  in  the  usual  time.  At  the  time  the  foregoing  experi- 
ment was  made,  the  leaves  were  quite  wet  with  recent  rain,  and  another  heavy  shower 
occarred  later  in  the  day. 

Infasions  made  by  pouring  hot  (not  boiling)  water  upon  the  powder  were  found  in- 
effective and  quite  worthless. 

With  a  strong  extract  I  have  had  no  opportunity  of  experimenting.  Alcohol  poured 
upon  the  powder,  extracts  a  sufficient  quantity  of  the  poisonous  oil  to  be  very  effective 
when  used  with  an  atomizer,  bnt  is  too  expensive  for  use  on  a  large  scale. 

London  purple. — Several  experiments  were  tried  in  which  small  quantities  of  this 
powder  were  dusted  upon  the  plants  without  diluents.  Whenever  a  quantity  was 
iised  anfficient  to  kill  the  worms  the  leaves  were  badly  scorched. 

Pouioning  the  motha, — At  a  time  when  the  moths  swarmed  at  night  about  the  fallen 
^it  under  persimmon  trees  in  the  fields,  I  poisoned  the  fruit  with  London  purple,' and 
&Iho  with  white  arsenic.  In  this  way  many  moths  were  undoubtedly  killed,  but  as 
onuibers  of  them  flew  away  to  die,  the  exact  proportion  could  not  be  ascertained. 
Under  nettings  covering  cotton  plants,  moths  were  readily  killed  by  giving  them  poi- 
soned fruit.  They  da  not  appear  to  dislike  the  fruit  even  when  mixed  with  an  excess 
of  London  purple  or  arsenic,  and  settle  quite  as  readily  upon  the  poisoned  as  upon 
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the  nnpoisoDed  fruit.  By  poisoniDg  the  nectar  glands  moths  were  killed  under  net- 
tings, bat  the  result  was  not  as  satisfactory  as  with  poisoned  fniit.  Altkoiigb  I  do 
not  think  much  practical  benefit  can  be  secured  by  attempts  to  kill  the  moths  late  in 
the  season,  yet,  in  view  of  its  cheapness  and  effectiveness,  baiting  them  with  poisoned 
fruit  seems  preferable  to  any  device  in  which  lamps  are  used.  Whether  or  not  the 
moths  of  the  early  brood  can  be  destroyed  by»poisoning  dishes  of  fruir,  as  for  eiaoi- 
ple  dried  apples  soaked,  and  exposed  in  the  fields,  I  am  not  prepared  to  say,  but  I 
think  it  more  likely  to  succeed  than  any  of  the  lamp  traps  ,tnat  have  been  recom- 
mended. 

YeaaU — The  results  of  experiments  with  yeast  are  :  (1)  in  the  field,  yeast  sprayed 
with  an  atomizer  upon  feeding  larvas,  and  sprinkled  upon  the  leaves  with  a  bnish, 
had  no  effect  during  either  dry  or  wet  weather ;  (2)  yeast  poured  upon  pups  in  their 
webs,  no  effect,  the  moths  subsequently  disclosed;  (3)  in  a  very  foul  tin  box  invhich 
frass,  &.C,,  had  been  allowed  to  accumulate,  the  worms  neglected  and  in  uubealthy 
condition,  eleven  caterpillars  two-thirds  grown  were  spraye<l  August  18  with  yeast 
diluted  with  water  to  the  thickness  of  milk  ;  the  diseased  condition  of  the  worms  wa» 
immediately  aggravated.  Two  died  in  twelve  hours  ;  August  20,  three  more  had  died; 
August  21,  five  worms  alive,  all  unhealthy,  but  one  webbing  up;  all  finally  died;  (4) 
a  tin  box  containing  healthy  larvae,  raised  from  the  eggs,  and  ten  days  old,  was  thor- 
oughly sprayed  three  or  four  days  in  succession,  but  box  kept  clean,  fresh  food  and 
air  supplied  every  day.  All  completed  their  metamorphoses,  unaffected  by  the  yeast; 
(5)  three  class  jars  and  several  tin  and  wooden  boxes  containing  healthy  larvteand 
pupsB  of  Aietia  sprayed  several  times  in  succession,  without  any  effect. 

Early  in  the  season  it  was  my  habit  to  freshen  the  air  and  contents  of  my  breediufr 
cages  daily  with  pure  water  sprayed  in  by  an  atomizer.  Late  in  August  I  found  many 
of  my  boxes  infected  so  that  the  contained  insects  died,  or  the  contents  became  moldy 
after  spraying  with  water,  and  I  was  obliged  to  abandon  this  practice.  At  this  time, 
if  yeast  and  water  were  used,  the  effect  was  simply  to  hasten  the  appearance  of  mold 
and  the  diseases  of  the  insects  confined  in  close  boxes. 

THE  BOLL  WORM  {Hcliothis  amitgera)  Hllbn. 

I  have  often  heard  the  statement  made  by  planters  that  the  Boll  Worm  did  them 
more  injury  than  the  Cotton  Worm  (Aietia).  I  think,  however,  the  amount  of  injury 
done  is  frequently  exaggerated,  the  dropping  of  the  squares  and  young  bolls  fiom 
many  causes  being  often  attributed  to  the  attacks  of  Heliothis.  During  my  season's 
work  I  nowhere  found  it  abundant,  although  everywhere  present.  The  life  history 
of  Heliothis  having  been  thoroughly  studied  by  Professor  Riley  and  others,  1  did  not 
give  very  much  time  to  it.  I  found,  however,  that  the  eggs  are  laid  singly,  more  often 
upon  the  leaf  than  upon  the  involucres  of  the  fiowers.  They  hatch  in  three  to  fonr 
days.  The  young  worms  feed  at  first  upon  the  leaves,  then  upon  petals  of  flowers, 
and  finally  upon  the  bolls.  I,  however,  found  comparatively  few  eating  entirely  ioto 
large  bolls,  and  believe  the  worm  sometimes  eats  only  leaves  and  fiower  petals  throngb- 
out  its  life.  As  before  noted,  they  frequently  devour  the  pupa  of  Aietia.  In  confine- 
ment the  larval  period  lasted  about  twenty  days,  and  the  pupa  twelve  days. 

The  only  parasites  are  Trichogramma  vretiosa  and  a  Tachiuid  fly  which  also  preys 
upon  Aietia  and  has  already  been  noticed. 
Very  respecfuUy, 

H.  G.  HUBBARD. 

Prof.  C.  V.  Riley. 


APPEIVDIX    II. 


BBPOBT  OF  PBOF.  B.  W.  JOKES. 

OzvoBD,  November  97 ,  1680, 

Sir  :  I  herewith  mail  to  yon  a  hrief  report  of  work  done  hy  me  and  nnder  my  diree- 
tion  aooofding  to  aothority  from  yon. 

I  had  the  valnable  aesistanoe  of  Prof.  J.  W.  Kilpatrick,  A.  M.,  now  of  Central  Col- 
lege, Mo.,  doring  An^st. 

In  gathering  material  and  handling  it  for  making  the  large  number  of  eztracts,  in- 
ftafliona,  and  decoctionB,  which  I  tried  here,  and  many  of  which  I  shipped,  on  yonr 
order,  to  Selma,  Ala.,  to  be  need  by  yoorself  and  Mr.  Sohwarz,  I  had  the  co-operation 
of  Meaan.  F.  8.  Chew  and  R.  W.  Jones,  Jr.,  both  stndente  of  the  nniyendty. 

Accept  my  acknowledgments  for  yonr  uniform  courtesy  in  our  correspondence  and 
^ork,  and  be  assured  of  my  high  appreciation  of  the  yalnable  seryioes  you  are  ren- 
deringto  the  cotton  interests  of  the  Southern  States. 
Very  respectfully,  Ac., 

B.  W.  JONES, 
Univeraitf  of  Mieeieeippi. 
Prof.  C.  v.  SiLBT,  M.  A.,  Ph.  D., 

CM^  UMted  8tate$  BnUmoloffieal  CommieeUm. 


FHS  COTTON  BOIX  WORM. 

(JSelioihU  armigera,) 

This  worm  is  far  more  ii^nrious  to  cotton  in  this  part  of  Mississippi  than  the  Cot- 
ton Army  Worm  or  anv  other  insect  pest.  I  believe  the  cultivatorB  of  cotton  are  by 
no  means  aware  of  its  devastating  power.  It  begins  its  work  here  in  May,  sometimes 
in  June,  and  continues  until  about  the  eud  of  September.  Its  mode  of  work,  and  the 
|;reat  variety  of  its  plant-food,  give  it  marked  advantages  in  the  struggle  for  lifjp  and 
m  multiplying.  It  is  well  known  to  all  students  of  this  subject  that  the  moth*of  the 
Cotton  Army  Worm  (Aletia  xylina),  in  visiting  a  field  of  cotton,  begins  at  a  selected  spot 
that  affords  moisture  and  tender,  Juicy  plants,  and  lays  its  eg^  within  quite  a  limited 
area,  so  that  the  worms,  as  soon  as  hatching  begins,  are  there  in  considerable  numbers. 
This  fact  makes  it  comparatively  easy  and  inexpensive  to  apply  insect  poisons  for 
Aletia  larvie. 

But  the  moth  of  Heliothis  lays  its  eggs  over  a  much  wider  area ;  the  young  worms 
are  scattered  more  sparsely  on  the  cotton,  and  therefore  it  is  more  costly  and  laborious 
to  poison  them.  Moreover,  during  much  of  the  time,  these  larve  of  Heliothis  are  hid- 
den whollv  or  partially  in  the  bolls  into  which  they  cut  their  way.  It  is  difficult,  there- 
fore, to  affect  them  by  means  of  those  poisons  which  must  be  projected  upon  the  food  of 
insects,  and  be  devoured  by  them,  in  order  to  their  destruction  ;  and,  no  matter  what 
kind  of  poison  might  be  employed,  a  much  larger  quantity  would  be  needed  to  reach 
the  scattered  Boll  Worms  than  the  same  number  of  Aletia  feeding  close  together. 

It  is  not  to  be  inferred  that  the  damage  in  a  field  is  small  because  the  worms  are 
scattered.  The  amount  of  damage  done  by  a  single  worm  is  astonishing.  I  have 
counted  18  young  bolls,  shriveling,  decaying,  and  falling  or  fallen,  besides  many 
blooms  and  unox>ened  flower-buds  pierced;  all  the  work  of  one  Boll  Worm  and  that 
.not  grown. 

I  gave  particular  attention  to  two  fields  near  Oxford  this  summer.  I  think  the 
damage  by  the  Boll  Worm  amounted  to  25  per  cent,  of  the  crop.  I  visited  a  field  with 
Judge  Lawrence  C.  Johnson,  of  HoUv  Springs.  Judge  Johnson  estimated  the  loss  by 
Hebothis  to  be  20  per  cent. ;  I  thought  his  estimate  a  very  moderate  one. 

Food-plants. — Besides  cotton,  this  worm  feeds  on  young  corn  plants,  tender  silks  and 
grains  of  ears  of  com,  peas,  beans,  tomatoes,  and  okra.  They  may  also  feed  on  other 
plants  on  which  I  have  not  found  them. 

These  worms  are  specially  fond  of  the  blades  and  tender  stems  of  young  corn  plants 
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and  of  the  silkR  and  grains  of  the  fj^rowine  ears.  The  presence  of  the  worm  onyoang 
com  plants  is  indicated  by  roond  holes  cox  in  the  blades,  and  the  wonn  and  its  excre- 
ment may  asually  be  found  in  the  sheath.  There  is  j^erally  no  external  evidence 
of  the  worm  on  the  ear  j  it  eats  the  silk  and  tender  grains  at  the  distal  end,  aod  as  it 
oonsomes  the  Jnioy  grains  it  lies  in  the  cavity  thereby  made,  the  excrement  lenuun- 
ing  behind  it  and  between  the  hnsk  and  cob.  In  order  to  find  the  com  worm(*He2io- 
^i&  armigera)  on  the  ear,  it  is,  therefore,  necessary  to  open  the  hnsk.  I  have  found 
the  worm  grows  more  rapidly  when  it  reeds  on  com  grains  than  on  any  other  food, 
thongh  the  size  of  the  worm  at  maturity  is  no  larger,  and  I  could  not  discover  that 
the  moth  raised  from  the  com  worm  differed  from  other  Heliothis  moths  more  than 
those  raised  on  cotton  differed  from  each  other.  After  these  general  remarks  1  will 
give  the  history  of  Heliothis  as  it  was  developed  by  my  studies.  It  Is  proper  to  re- 
mark that  my  systematic  work  began  about  the  middle  of  July,  and  even  then  my 
attention  was  for  some  time  mainly  directed  to  the  preparation  of  vegetable  extrtcts, 
infiisions,  and  decoctions,  in  the  hope  of  finding  some  plant  or  plants  indigenoosto 
this  locality  that  possessed  insecticide  and  insectifdge  proi>erties. 

The  egg, — It  was  very  difficult  to  find  the  eggs.  I  never  found,  with  the  most  csr^ 
fill  search,  more  than  two  or  three  on  a  plant ;  sometimes  not  an  egg  on  a  plant. 

The  egg  is  white,  clear  white,  with  sometimes  a  yellowish  or  brownish  oolorstioo 
at  the  apex.  It  is  fastened  to  the  part  of  the  plant  on  which  it  is  deposited,  very- 
much  as  the  egK  of  Aletia,  by  a  gum.  It  is  a  little  larger  than  the  egg  of  the  Cotton 
Worm  Moth  (Aletia),  and  sculptured  very  much  in  the  same  way. 

I  found  them  on  the  involucre  of  the  flower  or  young  boll,  on  the  pedicel  or  flower 
stem,  near  the  torus  or  receptacle,  on  leaves  and  on  petioles  or  leaf  stems.  In  the  hot 
weatJier  of  July  and  August,  the  larger  number  of  eggs  was  found  on  the  under  side 
of  the  thickest,  darkest  leaves.  The  duration  of  the  egg  state  is  from  three  to  five 
days. 

The  larva, — ^The  larva  hatches  and  at  first  feeds  on  the  tender  parenchyma  of  in- 
volucre or  leaf,  and  makes  its  way  as  quickly  as  possible  to  a  flower  or  yonns  boll 

In  July  and  August  the  large  mi\|onty  of  young  Heliothis  larvie  were  found  within 
the  corolla,  eating  sometimes  the  essential  elements  of  the  flower  and  sometimes  the 

Setals.  They  seemed  to  be  specially  fond  of  these  floral  parts.  While  on  the  bads  of 
owers  feeding  they  were  quiet,  but  if  seen  on  the  leaf  or  stem  they  exhibited  signs 
of  restlessness  and  moved  from  point  to  point.  Every  flower  bud  and  eveor  flower 
attacked  by  them  fails  to  produce  fruit.  The  worm,  when  small,  moves  witn  gnti 
ease  and  with  comparative  rapidity,  'Mooping''  as  it  goes.  As  it  grows  larger  its 
movements  are  less  easy,  and  it  is  more  liable,  when  disturbed,  to  fall  from  the  plant 
When  a  few  days  old,  if  bolls  are  on  the  cotton,  it  attacks  these,  seeming  at  first  to 
prefer  the  small,  tender  bolls  and  afterwards  the  large  ones.  It  bit'es  off  the  ontside 
slick,  hard  covering  sufficient  for  a  hole,  allowing  the  entrance  of  the  worm,  and 
thereafter  it  feeds  on  the  juices  and  seeds  and  cotton  in  the  interior  of  the  boll.  Some- 
times it  cuts  off  a  par^  of  the  outside  of  the  boll  in  one,  two,  or  three  places  withont 
entering  the  interior,  but  this  always  insures  the  falling  or  rotting  of  the  boll ;  the 
bite  of  the  worm  seems  to  be  poisonous  to  buds,  flowers,  and  bolls.  The  hole  io  the 
boll  is  often  made  between  the  boll  and  the  calyx,  so  that  the  worm  is  concealed 
while  at  the  work  of  perforation,  though  this  is  not  always  the  case. 

If  a  worm  feed  on  a  large  boll  and  the  excrement  on  the  boll  be  exposed  to  raiiis> 
the  coloring  matter  will  be  washed  away  and  the  fibers  of  cotton  can  be  seen  dis- 
tinctly. I  observed  this  for  the  first  time  on  September  14 ;  during  the  few  dayft 
foUowing  before  the  disappearance  of  Heliothis,  I  saw  nnmeroas  instances  of  it.  The 
cellulose  was  nncbangea  by  passing  through  the  worm.  In  September  I  saw  Helio- 
this feeding  on  cotton  leaf  in  a  field  of  cotton  in  which  Aletia  was  abundant  and 
where  whole  leaves  were  very  rare ;  a  good  proportion  of  bolls  was  yet  unopened. 

I  observed  Heliothis  on  com  and  on  cotton  at  the  same  time  and'in  different  parts 
of  the  same  field.  The  number  of  Heliothis  did  not  seem  to  increase  on  cotton  after 
the  com  was  matured. 

Boll  Worms  eat  each  other.  I  have  seen  the  statement  that  if  two  or  more  Boll 
Worms  are  started  in  a  single  package,  even  with  a  full  supply  of  appropriate  food, 
only  one  reaches  the  destination,  and  that  if  more  than  one  larva  is  confined  in  a 
breeding  cage  one  invariably  devours  the  others.  The  latter  statement  I  am  prepared 
to  contradict;  repeatedly  during  the  summer  I  had  as  many  as  three  moths  to  issue 
about  the  same  time  in  the  same  jar.  • 

Boll  Worms  eat  the  chrysalids  of  Cotton  Worms.  I  have  seen  them  in  the  act,  but 
1  have  never  seen  the  larva  of  Heliothis  eating  the  larva  of  Aletia. 

The  color  of  the  Boll  Worm  varies  greatly ;  when  young  it  is  slender  and  green,  hav- 
ing a  number  of  yellow  and  white  bands  and  lines  running  longitudinal^  from  the 
back  of  the  head  to  the  anal  extremity ;  rarely  these  larvie  retain  the  gireen  color 
throiif^hout  the  larva  state,  but  generally  the  color  changes^  as  the  worm  grows,  to 
yellowish  or  brown,  the  longitudinal  lines  and  bands  remaining ;  each  segment  of  the 
body  bears  eight  black  spots,  from  each  of  which  projects  a  stiff  bristle.     On  the  seg- 
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ment  these  black  siicitM  are  arranged  iu  two  rows;  the  BX>ot8  of  the  front  row  are 
sloeer  together  on  the  bacic ;  those  of  the  rear  row  extend  down  farther  on  the  side. 

Duration  of  the  larva  state  from  fifteen  to  twenty  days. 

ChryBaltB, — The  larva  bores  into  the  ground  to  assume  the  pnpa  state.     In  my  breed- 
ng  Jars  they  went  down  two  or  three  inches,  the  tnbe  being  oblique  and  open  except 
ft  very  slight  covering  at  the  top  and  some  of  them  leaving  the  entrance  nncovered. 
.  I  deem  it  unnecessary  to  give  a  description  of  the  chrysalis,  as  you  doubtless  will 
lo  so  from  specimens  at  hand  which  yon  will  accompany  with  accurate  drawings. 

The  fact  that  the  chrysalis  of  the  Boll  Worm  is  under  ground  will  prevent  any  one 
Tom  confounding  it  with  the  chrysalis  of  the  Cotton  Worm. 

On  the  Boll  Worm  chrysalis  there  is  much  more  of  a  yellowish  cast  and  more  luster, 
rhe  time  during  which  the  pupae  remained  in  ground  ranged  from  eleven  to  sixteen 
lays. 

The  whole  time,  therefore,  elapsing  between  the  laying  of  the  egg  and  the  appear- 
moe  of  the  moth  from  it  is  from  thirty  to  forty  days. 

Themotk, — The  habits  are  very  mucn  like  the  moth  of  Aletia;  it  is  larger,  measur- 
ng  as  much  38  If  inches  across  the  wings,  and  the  largest  being  f }  inch  long.  It 
twg^ns  to  fly  soon  after  sunset.  I  have  watched  it  a  ereat  deal^  but  never  saw  it  on 
my  flowers  or  leaves  except  those  of  cotton.  It  would  often  ab^ht  in  the  grass.  It 
feeds  on  the  nectar  of  cotton.  I  put  out  lights  in  the  cotton  during  part  or  the  sum- 
mer ;  some  were  attracted  and  killed,  but  the  success  was  not  such  as  I  ez]>ected. 

I  have  not  seen  the  moth  of  Hellothis  since  the  cold  rainy  weather  about  the  last  of 
September.  The  thermomet<er  early  in  the  morning  for  several  days  was  down  to  40^ 
PiuiTenheit. 

I  have  searcliied  diligently  without  finding  one. 

Weather. — Warm,  damp  weather  favors  the  multiplication  of  Hellothis.  In  dry 
weather,  when  it  was  very  warm,  I  have  seen  the  worm  dead  on  the  bolls  without 
having  apparently  suffered  any  violence ;  the  circumstances  were  such  that  I  inferred 
it  died  of  heat  and  lack  of  moisture. 

The  larviB  of  Hellothis  are  very  c^uickly  affected  by  cold  rains.  During  the  rains 
previously  referred  to,  occurring  at  intervals  from  September  10  to  30,  though  the  tem- 
perature was  by  no  means  low  enough  for  frx)8t,  I  found  larvae  of  Hellothis  in  the  bolls 
m  a  state  of  torpor,  and  in  some  instances  they  were  dead.  They  are  very  sensitive 
to  cool  rains.    In  many  cabes  throughout  the  season  I  found  bolls  which  had  been 

gierced  more  or  less  by  Boll  Worms,  occupied  by  white  footless  grubs  of  a  fly.  The 
y  deposits  its  egg  in  tne  decaying  contents  of  tne  boll  that  has  been  abandoned  by 
the  worm.  These  effgs  hatch  and  the  maggots  feed  on  the  putrefying  matter.  I  have 
seen  some  persons  who  supposed  that  the  maggots  caused  the  rotting  of  the  boll  and 
that  the  fly  injured  the  boll  in  oviposition.  This  cannot  be  true.  The-  boll  rots  be- 
cause of  the  injury  from  the  Boll  Worm«  and  the  decaying  boll  invites  the  fly. 

Natural  enemies. — These  (so  far  as  I  have  been  able  to  ascertain)  are  the  same  as 
those  mentioned  in  your  Bulletin  No.  3,  which  attack  Aletia. 

I  have  observed  tlie  following  enemies : 

Birds:  Swallows,  Bee  Martin,  King  Bird,  Bluebird. 

Insects :  Spiders,  larvie  of  Lady  Bird,  Acanikocephala  femorata,  Wheel  Bug,  Soldier 
Bug,  Tiger  Beetle.    Bats  catch  many  moths. 

Arasites :  In  the  latter  part  '^f  the  season  a  great  many  larvie  of  Hellothis  and 
Aletia  bore  a  white  egg,  whicL  was  found  to  be  that  of  a  Tachina.  In  some  in- 
stances the  moths  hatched  out  notwithstanding  the  egg  of  the  parasite.  In  other 
cases  the  chrysalis  was  destroyed  by  the  grub ;  the  latter  was  generally  the  case. 

Sometimes  as  many  as  five  eggs  of  Tachina  would  be  found  on  one  larva  of  Helio- 
this  or  Aletia — more  generally  on  Aletia  than  Hellothis.  This  Tachina  must  be  an 
exceedingly  formidable  enemy  of  both  Aletia  and  Hellothis. 

Much  has  been  said  of  the  destruction  of  Hellothis  by  Ants.  I  have  never  seen 
ints  eating  them  in  any  state  until  they  had  been  killed  or  injured  by  some  other 
agent  or  had  died,  except  ^Iien  the  worms  were  confined  in  iars ;  even  tMs  was  a  very 
rare  occurrence.  I  think  I  observed  it  but  twice,  and  both  these  instances  were  at 
my  residence  ;  no  instance  occurred  in  the  laboratory  where  my  work  was  done. 

Before  proceeding  to  give  an  account  of  the  vegetable  preparations  which  I  made 
rad  my  experiments  with  them,  I  will  make  a  few  observations  on  the 

COTTON  ASKT  WORM. 

{AleHa  jjflina.) 

I  will  not  refer  to  any  facts  coming  under  my  notice  that  are  contained  in  your 
Bulletin  No.  3. 

After  a  protracted. season  of  cloudy  days  and  frequent  rains  with  a  warm  wind  from 
the  South,  we  found  Aletia,  September  11,  in  a  field  near  here ;  the  locality  in  the  field 
W9B  identically  the  same  as  that  in  which  yon  found  them  October,  1879.    Fvom.t^^\. 
locality  they  gradually  spread  over*  the  greater  part  of  the  &bV^  oi^tA  «AT«^Ya  <::ax\at^. 
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The  nnmber  of  moths  front  the  first  brood  of  woniifl  was  very  large ;  they  were  not 
appreciably  diminished  by  any  enemies.  The  principal  reetinff  p&ce  by  day  was  a 
part  of  the  field  in  which  the  ^raas  was  thick  and  overlapped  the  middle  of  the  rows; 
uy  night  these  went  over  well  nigh  the  whole  field,  depositing  eggs  mostly  on  the  large, 
full  grown  leaves  about  one- third  the  height  of  the  plant  from  the  groimd.  Of  ue 
next  brood  of  worms  a  large  proportion  bore  eggs  of  the  Tachina  fly,  the  maff^otfiom 
which  destioytMl  a  great  many  chrysalids ;  specimens  of  larv»  bearing  Tacnina  eggs 
I  forwarded  ti>  you.  Whilst  the  moths  were  so  abundant  I  pnt  oat  in  the  field*  some 
pans  containing  poisoned  sweets  as  follows: 

(1)  Molasses  and  vinegar  and  white  arsenic. 

(2)  Moiasses  and  vinegar  and  corrosive  sublimate. 

(3)  Molasses  and  vinegar  and  potassium  cyaoide. 

(4)  Molasses  and  vinegar  and  copper  sulphate. 

(5)  Molasses  and  vinegar  and  strychnine. 

In  some  cases  I  substituted  ibr  vinegar  alcohol  and  water. 

I  did  not  succeed  in  destroying  many.  The  fluid  in  the  pan  was  covered  by  a  per- 
forated top.  In  this  way  the  greatest  efifect  was  by  molasses,  vinegar,  and  white  ar- 
senic. 

Bnt  I  destroyed  a  larger  nnml)er  by  using  open  pans  containing  thick  molasses  with 
u  little  vinegar ;  the  moths  were  caught  by  the  molasses. 

I  noticed  Aletia  moths  on  flowers  of  Solidago  or  soldeu  rod,  which  blooms  here  in 
September.  I  saw  frequently  the  chrysalids  of  Aletia  enveloped  in  the  leaves  of 
Moruibg  Glory ;  but  never  saw  the  larvie  feeding  on  that  plant.  On  October  13  and 
14  the  weather  began  to  grow  cool ;  the  wind  blew  from  the  northward ;  it  was  not  by 
any  meauH  cold  enongh  for  frost ;  during  this  wind  I  observed  Aleti* moths  movifig 
bouthwardf  leaving  the  cotton  field  and  entering  the  wooded  land  lying  south  of  the 
field.  Thoy  frequently  alighted  on  the  oak  leaves  and  remained  a  long  time.  *rbeT 
did  not  move  in  numbers  together,  bnt  singly.  I  saw  no  eggs  deposited  on  the  oak 
leaves. 

On  night  of  October  15  a  cold  rain  fell,  and  by  the  afternoon  of  the  16th  the  greater 
]iart  of  the  moths  disappeared  ;  late  that  afternoon  Hooked  carefully  for  them  where 
they  had  l>een  so  abundant  in  the  grass  and  found  but  a  few ;  those  that  remained 
were  to  a  great  degree  benumbed  and  their  movements  much  impaired.  Larve  were 
still  on  the  plants ;  they,  too,  were  affected  by  the  cold. 

The  three  or  four  days  succeeding  were  somewhat  warmer,  though  the  nights  ood- 
tinued  cool,  the  thermometer  being  in  the  early  morning  as  low  as  41^  F.  Then  the 
moths  showed  themselves  more,  bnt  not  a  fifth  of  the  nnmber  that  were  in  the  field 
prior  to  the  liSth.  I  think  a  large  proportion  of  these  last  issued  from  pupsdnring  the 
warm  days. 

On  October  23  I  visited  the  field  after  a  considerable  frost;  found  the  larve  still 
living,  and  leaving  the  upper  frosted  leaves  for  lower  ones  that  had  been  sheltered; 
many  larv»  fell,  and  were  eaten  by  spiders  and  beetles.  Several  days  later  many 
worms  and  chrysalids  fell  and  were  eaten  by  hogs  which  searched  the  whole  field.  1 
searched  in  the  grass  and  found  Bom«)  moths,  almost  in  a  state  of  torpor,  scarcely  able 
to  move;  others  had  been  devoured,  as  I  knew  from  the  wings  found  and  from  the 
partially  consumed  bodies  of  some.  I  reared  many  Aletia  larv»  and  kept  mftny 
chyrsalids  for  transformation. 

One  was  only  five  day$  a  chrysalis,  becoming  a  moth  on  the  sixth  day. 

VEGETABLE  PREPARATIONS. 

I  will  now  proceed  to  mention  the  vegetable  preparations  which  I  made  in  the  hope 
of  finding  some  indigenous  plant  possessing  effectual  insecticide  properties.  In  every 
case,  I  used  the  plants  or  parts  of  plant  after  carefully  drsring  tbem  in  the  shade. 

(1)  Ailanthus  (Tree  of  Para<lise):  Made  decoction  three-fourths  ponnd  leaves  to 
24  j^allons  water ;  infusion,  I  pound  leaves  to  2i  gallons  of  water. 

(2)  Poke  weed  (Phytolacca) :  Decoction,  8  ounces  leaves  to  1  gallon  water ;  infusioni 
8  ounces  to  1  gallon  water.  Poke  weed  root :  extract,  2  ounces  dried  root  to  1  gallon 
of  mixture  of  alcohol  and  water  in  equal  parts. 

(3)  Ragweed  (Ambrosia) :  Decoction,  1  pound  of  stems  and  leaves  to  1  gallon  water. 
Infusion,  as  above,  H  ounces  to  one-half  gallon  alcohol  and  one-half  gallon  water 
mixed. 

(4)  Helenium  atUumnale:  1  pound  to  2^  gallons  water.    Decoction  and  infusion. 

(5)  Helenium  tenu{folium :  1  pound  to  2^  gallons  water.    Decoction  and  inftfiion. 

(6)  Pennyroyal :  2  ounces  to  gallon  of  alcohol  and  water  mixed.  Extract,  2  pounds 
to  gallon  water.     Decoction  and  infusion. 

(7)  Datura  stram^mium  (Jamestown  weed) :  Seed  dried  and  gronnd.  8  ounees  to 
quart  of  alcohol. 

(8)  Mock  orange  ( Pruntu caroliniana) :  4  ounces  leaves  to  qnart  of  water.    Decoction. 

(9)  Teast  ferment. 

(10)  Buckeye  (£soul\ia)  troLit.   'Ea.tiiAV 
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All  the  foregoing  I  nsed  freqnently  and  freely  dilated  with  varying  qaantitieB  of 
■rater.  None  of  them  ii^nred  the  worms,  either  on  cotton  (Heliothis  and  Aletia)  or 
'Jiose  on  cabbage,  rata  baffas,  &c. 

I  made  a  decoction  of  China  leaves  and  small  twigs.  This  T  sprayed  freely  on  the 
sotton  plants,  and  I  think  it  had  a  lar^e  effect  in  preventing  the  moths  of  Heliothia 
bad  Aletia  from  ovipoeitinff ;  bnt  it  did  not  destroy  the  larv».  The  alcoholic  extract 
*f  the  China  berries  and  leaves,  adalterated  with  twice  it<s  quantity  of  water,  was 
sprayed  on  twelve  Aletia  larvie,  fall  grown.  Most  of  them  fell  to  the  groand,  and-/oiir 
Ued.  This  experiment  was  repeated  several  times,  with  about  the  same  result;  but 
vhen  the  extract  was  diluted  with  ten  parts  of  wat'Cr  it  failed  to  bring  the  worms  to 
Jie  gronnd.  I  condnded  from  this  fact  that  the  cost  of  the  alcohol  wonld  be  so  great 
i«  to  prevent  the  ose  of  this  preparation. 

I  made  a  decoction  of  elder  {Safkbucus  oanadeMia),  using  the  leaves,  sojall  twi^  and 
Mrriee;  also  an  infiision  of  the  same.  This,  projected  lu  spray  on  Aletia,  Heliothis, 
uid  on  the  worms  infesting  cabbage,  caused  them  to  cease  eating,  and  iu  several  in- 
rtances  caused  them  to  abandon  tos  plant,  whether  cotton  or  cabbage.  It  is  well 
mown  that  in  all  such  cases  the  cotton  worm  is  much  more  likely  to  m  devoured  by 
^redaceons  insects  than  it  is  to  reascend  the  plant.  * 

Pjfrethrum, — As  an  insecticide  this  is  superior,  incomparably  superior,  to  all  other 
mbtrtances  with  which  I  have  experimented.  I  used  it  in  powder  diluted  with  wheat 
aoor,  and  as  an  extract  variously  diluted  with  water.  *The  success  attending  my  ex- 
periments witlf  this  were  eminently  gratifying  and  satisfactory. 

It  may  be  proper  to  remark  that  I  used  the  pyrethrum  (Buhaoh)  raised  by  0.  N. 
Mlilco,  of  Stockton,  Cal.,  some  sent  me  from  the  headquarters  of  the  U.  S.  Entomo- 
logical Commission  under  the  name  of  **  Caucasian  Insect  Powder,*'  and  some  which 
I  purchased  of  Messrs.  Bullock  &,  Crenshaw,  Philadelphia,  Pa.,  as  "Persian  Insect 
Powder." 

When  used  in  the  state  of  dry  powder,  that  of  Milco  seemed  to  have  a  considerable 
advantage,  but  the  others  seemed  to  be  quite  equal  to  it  in  the  power  to  yield  deadly 
extracts. 

Mode  of  preparing  powder :  1  part  of  pyrethrum  to  20  parts  of  wheat*flour,  thor- 
oughly mixed  and  shut  up  in  a  tight  tin  box  for  twenty-four  hours.  This  blown  bv 
heDows  proved  very  efficient  in  destroying  Aletia  and  cabbage  worms  which  it  touched. 
It  did  not  kill  squash  bags,  thoneh  it  drove  them  for  the  time  fh>m  the  plants.  It 
killed  the  Boll  Worms  upon  which  it  was  projected,  but  did  not  disturb  those  that 
were  concealed  within  the  bolls. 

Extracts:  A.  Made  with  common  (ethyl)  alcohol  95  per  cent.  B.  Made  with  methyl 
alcohol  (wood  spirit). 

In  all  my  first  preparations  I  proceeded  as  follows : 

I  introduced  into  a  glass  flask  about  4  oances  of  insect  powder  and  added  about 
half  a  gallon  of  alcohol,  corked  and  allowed  to  stand  for  twenty-four  hours.  I  then 
perforated  the  cork  and  introduced  a  glass  tube,  one  fourth  of  an  inch  in  diameter 
and  96  inches  long ;  then  subjected  the  flask  to  the  well  reffulated  heat  of  a  water  bath, 
not  allowing  the  temperature  to  reach  theboilinjj^  point  of  alcohol.  I  usually  applied 
this  gentle  heat  for  about  five  hours,  then  set  aside  to  cool.  At  first  I  decanted  the 
extract  fix>m  the  residue,  and  before  using,  diluted  with  water,  as  shown  in  the  ex- 
periments mentioned  farther  on.  Subsequently,  I  shook  up  the  solid  residue  of  the 
insect  powder  with  the  extract  and  diluted  the  whole  with  water,  and  in  applying 
kept  the  solid  matter  suspended  by  agitation*.  I  found  the  latter  plan  economical. 
The  residue  being  wet  with  alcohol,  readily  spreads  throughout  the  water  and  evi- 
dently adds  something  to  the  value  of  the  extract. 

I  have  never  seen  any  statement  or  snggestion  in  regard  to  the  use  of  wood  spirit 
as  the  menstruum.  It  occnrred  to  me  to  try  it.  I  found  it  to  be  a  quicker  solvent 
of  the  essential  oil  and  coloring  matter  of  pyrethrum  powder  than  common  95  per 
cent.  lUoohol.  I  find  that  1  pint  and  2  ounces  (by  measure)  of  wood  spirit  will  ex- 
tract all  the  useful  material  out  of  an  ounce  of  p^thrnm.  Oood  wood  spirits  can 
be  bon|^ht  for  $1.25  per  gallon.  The  extract  made  with  wood  spirit  will  bear  dilu- 
tion with  a  somewhat  larger  quantity  of  water  than  the  extract  made  with  ethyl  al- 
cohol. 

On  this  point  I  state  my  results  thns :  One  ponnd  pyrethrum  powder  to  20  pints  (2^ 
gallons)  wood  spirits.  This  can  be  safely  dilated  in  the  earlier  part  of  the  season 
when  the  worms  are  small  with  forty  parts  of  water.  Hence  one  pound  pyrethrum 
and  2^  gallons  methyl  alcohol  will  when  diluted  make  100  gallons  of  liquid  for  the 
destruction  of  insects.  Allowing  40  gallons  to  the  acre,  the  cost  of  this  insecticide 
would  be  $1.50.     With  improved  atomizers  this  will  be  lei^ened. 

Wood  spirit  is  more  volatile  than  ethyl  alcohol.  This,  I  think,  gives  it  considerable 
advantage  over  ethyl  alcohol  as  the  solvent  for  the  etiseatial  oil  of  the  pyrethrum, 
when  the  extract  is  to  be  used  for  Boll  Worms  that  are  working  on  the  contents  of 
boUs.  By  its  ready  volatilization  it  distributes  the  insecticide  rapidly  into  the  a^Ja- 
oent  air,  and  when  uot  directly  thrown  into  the  hole  cut  by  the  Boll  Woan  it  is  car- 
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ried  into  the  chamber  by  rapid  diffasion,  and,  affeotinff  the  worm,  canaes  it  to  come 
forth  firom  its  concealment  npon  the  moistened  puts  of  the  plant,  where,  by  theoon- 
taot  of  the  liquid,  it  is  poisoned  to  death.  The  extract  made  with  ethyl  alcohol  is 
alaa  Yolatile  and  produces  this  same  effect,  though  in  a  less  degree  to  the  extent  that 
its  volatility  is  less  than  that  of  methyl  alcohol. 

The  eztractiye  power  of  methyl  alcohol  on  pyrethmm  is  so  great  that  it  is  luidly 
neeeasary  to  apply  any  heat ;  the  alcohol  may  be  allowed  to  stand  twenty-fonr  honn 
on  the  powder,  Deing  shaken  up  a  few  times  and  then  the  whole,  i.  e.,  both  the  ex- 
tract and  the  solid  residue,  may  bo  mixed  with  water,  so  as  to  give  100  gallons  to  (he 
pound  of  pyrethmm. 

I  found  that  the  use  of  the  liquid  is  much  to  be  preferred  to  the  powder.  It  reachee 
all  parts  of  the  plant  better ;  it  is  more  easily  handled  and  it  kills  quicker. 

BXPERIMKNT8. 

1.  Sprinkled  powder  on  half  dozen  Heliothis  in  cotton  blooms  in  the  field. 

In  a  few  minutes  they  left  the  blooms,  crawled  upon  the  leaves,  fell  to  the  gioand 
and  attempted  to  crawl  off;  bef6re  going  far  they  stopped  and  rolled  over,  as  if  in 
pain,  then  crawled  a  little  farther  with  further  rolling  and  twisting.  After  some  boon, 
they  were  considerably  shrunken,  and  became  of  a  light  yellow  color  instead  of  green. 
I  observed  these  until  nicht ;  when  1  left  none  were  dead ;  next  mominff,  none  of  them 
could  be  found.  From  this  single  experiment,  I  would  not  have  knonAi  whether  the 
worms  died  and  were  devoured l>y  other  insects  during  the  night,  or  whether  they  re- 
covered and  made  their  escape ;  but  subsequent  exx^eriments  satisfied  me  they  must 
have  died. 

2.  I  tried  a  similar  experiment  on  Heliothis,  which  I  brought  into  the  laboratory « 
putting  them  in  blooms  and  on  leaves  in  such  manner  as  to  supply  the  natm^  condl* 
tions.  I  applie^l  the  powder  as  above  at  11  o'clock  a.  m.  They  were  af^ted  as  tbo0^ 
in  experiment  (1,)  except  that  they  seemed  to  be  more  violently  attacked.  Tha^ 
were  not  dead  late  in  the  afternoon;  they  were  all  dead  next  morning,  the  sise  ^ 
the  worms  when  dead  being  less  than  half  their  size  before  the  application  of  pyret^ 
rum.  .    ,^ 

In  these  experiments,  I  was  careful  that  some  of  the  powder  fell  on  each  worm.  C- 
course,  this  would  not  be  the  case  in  ordinary  field-work.  My  object  was  to  see  i- 
when  fairly  applied,  powder  of  this  strength  would  kill  insects. 

I  found  that  insects  with  a  thick  chitinous  covering  frequently  flew  away,  nC= 
seeming  to  be  seriously  affected. 

I  tried  this  powder  on  Cabbs^re  Worms ;  it  kills  them  when  it  tonohes  them ;  bi^ 
on  cabbages  the  worms  are  so  well  protected  by  the  width  and  arrangement  of  th^ 
leaves  that  many  escaped. 

It  did  not  protect  the  cabbage  plants,  except  for  a  short  time,  from  the  flea  beetle 

3.  August  27  I  sprinkled  extract  pyrethrum,  1  part  alcoholic  (ethyl)  extract  to  S0 
parts  of  water,  on  a  cotton  plsnt  where  there  were  three  Boll  Worms.  One  of  thea* 
had  penetrated  a  boll  so  far  that  only  a  small  part  was  extended  outside  the  bolL 
other  two  were  on  the  flowers.  In  five  minutes  toe  worms  were  rolling  and  twistinig 
falling  to  the  ground;  died  in  a  few  hours. 

August  30.  Used  same  extract  as  above  on  three  Boll  Worms.  Result  sabstantiall^ 
same  so  far  as  Heliothis  was  concerned.  Two  young  grasshop])ers  were  qnickly  killeJ 
and  a  lady  bird  fell  to  the  ground.  It  was  not  dead,  but  straggling,  as  if  in  pain 
when  night  came  on ;  had  disappeared  next  morning. 

4.  September  17 :  In  the  following  experiment  I  used  some  of  the  same  extrao 
spoken  of  in  preceding  experiment.  The  quantity  this  time  was  half  pint  extract  V 
five  piuts  water.  I  selected  a  spot  in  the  cotton-field  where  Aletise  were  tolerably 
numenins.  There  were  three  stalks  of  cotton  growing  close  together,  and  the  vine 
of  morning  glory  bad  densely  intertwined  themselves  with  these  three  plants,  makin| 
the  foliage  very  thick  and  hard  to  penetrate.  I  caught  a  number  of  Aletise  from  othei 
stalks  of  cotton  and  put  them  on  these  until  I  could  count  120.  In  all  this  tim< 
neither  I  nor  either  of  the  gentlemen  present  to  witness  the  experiment  noticad  a  boU 
worm  (Heliothis).  I  used  a  small  fountain  pump  made  by  Kumsey  &  Co.,  Seneoa 
Falls,  N.  Y.  We  sprayed  the  diluted  extract  over  three  rows  for  about  20  feet,  throw- 
ing more  upon  the  three  plants  mentioned  than  elsewhere.  Whilst  the  spray  was  fall- 
ing upon  tnis  thick  foliage  I  closely  watched  its  effect ;  to  my  surprise  a  large  Helio- 
this appeared  on  a  leaf,  seeming  to  be  bewildere<l  and  making  rapid  exertions  to  get 
ofi*.  On  examination  1  found  it  had  come  from  the  interior  of  a  fnll-^rown  boll  on 
which  it  was  feeding ;  the  orifice  it  had  cut  was  on  the  upper  side,  and  I  suppose  some 
of  the  fine  sprsy  passed  throuf^h  the  orifice,  and  disturbing  it  in  its  excavations,  caused 
it  to  come  forth.  Soon  after  it  appeared  it  crawled  on  a  leaf  which  had  been  slightly 
wetted  with  the  extract,  and  in  two  minutes  from  the  time  the  extract  was  thrown 
on  the  plants  this  Heliothis  fell  to  the  ground,  and  after  convulsions,  rolling,  crawl- 
hag,  twisting,  which  lasted  an  hour  and  a  quai'ter,  it  died,    in  fonr  minutes  about 
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alf  of  the  AletiflD  had  fallen  to  the  ground  and  were  in  convnlsions,  the  younger  worms 

iliing  first.    At  the  end  of  one  honr  there  were  bat  fonr  larvie  of  Aletia  on  the  cotton 

tiat  had  been  reached  by  the  extract,  and  these  were  evidently  much  affected  by  it. 

ext  momiDg  I  foond  only  one  Aletia  larva  alive  on  these  plants. 

I  took  seven  chrysalids  of  Aletia  from  these  plants  that  received  the  sprav,  and 

so  at  the  same  time  took  other  chrysalids  from  a  part  of  field  not  reached  by  the 

>ray. 

Only  one  of  the  first  lot  of  chrysalids  showed  signs  of  life  afterward,  and  it  died  in 

le  efibrt  to  extricate  itself  from  the  pnpa-covering.    The  other  lot  of  chrysalids  treated 

milarly  in  a  Jar  prodnced  moths. 

5.  On  Cabbaffe  Worms. 

(a)  Twenty-two  worms,  some  Pionea  rimoHtlis,  some  Pieri$  oUracea.  Extract 
nethrom  in  methyl  alcohol.  Strength  of  liqnid :  1  part  extract  to  30  parts  of  water. 
very  worm  killed  in  a  few  minntes. 

(b)  Twenty  worms  as  above,  three  green,  the  others  Pianea  rimotalis.  Extract 
^rethmm  in  common  alcohol.  Strengui :  1  of  extract  to  30  of  water.  In  four  min- 
es worms  were  all  dead  but /o«r ;  three  Pionea  escaped,  and  one  Pieris.  The  small 
orms  were  killed  first  in  both  experiments,  as  I  found  to  be  almost  invariably  the 
se  with  Aletia  and  Heliothis. 

6.  September  21,  on  Boll  Worms. 

Foliage  so  dense  as  to  afford  the  best  possible  protection.  Extract  of  pyrethrum  in 
sthylaloohoL  Strength:  1  to  32  of  water.  Three  of  these  worms  were  three-fourths 
their  len^hs  in  the  bolls,  the  fourth  was  entirely  concealed.  I  threw  a  very  small 
umtit^  or  the  liquid  on  this  cotton;  for  three  or  four  minutes  there  was  no  move- 
ent  of  the  worms,  but  presently  they  came  forth  suddenly  from  the  bolls,  began  to 
'awl  uneasily  on  the  leaves  and  stems,  soon  fell  to  the  ground,  and  in  one  hour  and 
•or  minutes  three  were  so  nearly  dead  as  to  make  it  certain  they  would  die ;  one 
rawled  off,  showing  some  signs  of  paralysis.  Not  havius  time  to  wait  in  order  to 
Bcertain  if  it  would  die,  I  sprinkled  a  small  quantity  of  the  same  liquid  on  it ;  then 
»  crawling  quickly  ceased.    All  these  were  large  larv». 

7.  September  28.  Extract  pyrethrum  in  methyl  alcohol.  Strength :  1  part  extract 
0 40  of  water.  Spraved  liquid  at  10.45  a.  m.  on  a  very  large  number  of  worms  (Aletia). 
overing  a  condderable  area.  All  the  small  worms  were  killed  in  an  hour.  Nearly  all 
he  large  larv»  fell  to  the  ground,  but  many  of  these  succeeded  in  crawling  away,  and 
ome  ascended  the  plants,  while  others  of  the  same  sice  died  in  convulsions. 
Many  other  experimento  were  made  by  me,  but  nothing  was  developed  not  included 
Q  those  cited  above. 

I  have  the  honor  to  be,  veiy  lespeotfoUy,  ^bo., 

B.  W.  JONES, 
eiptMl  AgmU,  U.  3.  X.  0.,  Oatfordf  MiB$, 
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BEPOBT  OF  J.  P.  STELLB. 

IB:  I  have  the  honor  to  submit  the  following  report  of  mj  experiments  and  obeer- 
iona  as  a  special  agent  of  the  United  States  Entomological  Commission  engaged 
he  work  of  inyeetigating  cotton  insects  under  your  direction : 
[aving  been  assigned  to  duty 'in  the  State  of  Texas.  I  first  established  my  head- 
Tters  at  Calvert,  in  Robertson  County,  a  point  in  the  rich  cotton-producing  re- 
is  df  the  Brazos  Valley,  exaotlj  on  the  line  of  31^  north  latitude.  It  has  usually 
Q  understood  that  the  Cotton  Worm  makes  its  first  appearance  for  the  season  in 
as  in  the  most  southern  counties  where  cotton  is  srowu,  but  for  this  year  the 
i  does  not  seem  to  have  held  good,  as  it  appeared  in  iimirious  numbers  in  Bobertson 
mty  as  early  as  at  any  other  place  in  the  State.  Information  of  its  early  appear- 
e  in  this  section  infiueuced  me  in  making  choice  of  my  location,  and  it  eventu- 
'  turned  out  a  most  fortunate  choice,  on  account  of  being  entirely  above  the  line 
ihe  heavy  rains  which  visited  Texas  in  the  course  of  the  summer.  While  the 
nties  along  the  Lower  Brazos  and  Colorado  were  being  drenched  with  rains  daily, 
»ertson  County  was  entirely  exempt ;  in  fact,  scarcely  a  drop  of  rain  fell  in  this  re- 
1  between  the  Ist  of  July  and  the  1st  of  September,  a  circumstance  greatly  favor- 
my  field-work,  as  will  be  readily  seen. 

oth  the  Cotton  Worm  (Aletia  xylina)  and  the  Boll  Worm  {Beliothis  armigera) 
eared  on  tUe  lowland  farms  along  the  Brazos,  in  what  planters  would  term  injurious 
Qbers,  about  the  20th  of  July.  The  weather  was  quite  warm  at  this  time,  and  it 
tinned  warm  throughout  the  season,  the  thermometer  usually  marking  from  90^  to 
Fahrenheit  at  2  o'clock  in  the  afternoon.  This,  with  a  gentle  breeze  from  the  soath, 
ijging  up  an  atmosphere  from  the  rain-belt,  heavily  charged  with  moisture,  seemed 
;iye  every  condition  favorable  for  a  thrifty  growth  ana  qaick  transformation  of 
insects.  As  a  consequence  brood  succeeded  brood  with  astonishing  rapidity, 
worms  spreading  quickly  to  the  uplands,  and  doing  their  work  so  effectually  that 
^e  Ist  or  September  all  the  cotton  fields  where  remedies  had  not  been  applied 
e  completely  stripped  of  their,  leaves,  with  a  very  large  per  centum  of  the  bolls 
)d  into.  This  cut  short  my  operations  at  Calvert,  and  in  order  that  I  still  might 
e  more  time  for  field-work,  I  changed  my  location  to  San  Marcos,  in  Hays 
nty,  where  the  worms  were  then  (September  1)  just  beginning  to  put  in  an  inyn- 
8  appearance.  Here  I  remained  till  the  15th  ot  October,  prosecuting  my  labors 
er  conditions  reasonably  favorable  in  every  respect. 

imming  up  the  results  of  my  investigations  as  secured  in  the  lines  laid  down  for 
government  of  my  work,  I  may  begin  with  what  planters  in  many  parts  of  the 
3icall 

COTTON   BLIGHT. 

,  some  localities  it  is  known  as  "  stalk-mst,*'  and  in  others  as  ^*  root-rot,"  but  cot- 
bliffht  seems  to  be  the  name  by  which  it  is  most  generally  called  in  Texas,' and  I 
k  the  same  may  be  said  for  a  majority  of  the  other  Cotton  States. 
lis  trouble  begins  in  the  cotton  field  about  with  the  earliest  appearance  of  blooms, 
usually  on  uplands,  though  one  occasionally  meets  with  it  in  bottom  plantations, 
first  indication  we  have  of  its  presence  is  a  sudden  wilting  of  the  plants,  which, 

0  this  time,  were  to  all  appearances  as  healthy  and  vigorous  as  any  in  the  field. 
tie  morning  the  plants  are  looking  all  right ;  in  the  evening  their  leaves  are  seen 
D  wilting :  to-morrow  evening  they  are  blackened  and  dry.  Usnally  the  earliest 
ck  is  made  upon  only  a  few  plants  in  a  place,  more  commonly  than  otherwise 

1  a  single  specimen.  A  week  later,  perhaps,  and  one  of  its  nearest'neighbors  shows 
ptoms  of  the  blight,  then  another  and  another  on  till  frost  cats  short  the  growth 
le  crop,  when,  in  many  cases,  it  will  b^  seen  that  all  the  plants  of  a  spot  several 
>  in  extent  have  been  ruinously  blighted.  The  bolls  that  are  at  maturity  when 
plant  dies  will  open  and  show  no  particular  damage,  but  the  young  bolls  will  dry 
knd  be  lost. 

[25] 
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TLere  are  many  theories  with  reference  to  the  caase  of  cotton  blight,  some  attribnting 
it  to  a  fnngoid  growth,  others  to  a  peculiar  poison  in  the  soil,  and  still  othen  to  the 
work  of  insects.  This  last-named  theory  carried  it  to  the  attention  of  the  Comminioii, 
and  led  me  to  make  a  carefnl  stndy  of  the  phenomenon.  On  taking  up  the  plant*, 
even  at  the  first  indication  of  wilting,  I  found  all  the  rootlets  completely  dead  and 
nsaally  rotted,  and  the  main  or  tap  root  dead,  with  the  bark  ready  to  slip  off  and  the 
})ith  blackened.  I  found  numbers  of  adjacent  plants,  showing  no  sign  of  blightabore 
ground,  that  were  more  or  less  affected  in  the  roots.  In  a  nugority  of  these  cases 
many  of  the  rootlets  were  already  dead  and  decaying,  while  the  disease  had  not  vet 
reached  the  main  root.  In  some  instances  half  the  main  root  was  dead,  whilH  the 
other  half,  with  its  attached  rootlets,  was  living  and  performing  its  natural  fimc- 
tiouR.  To  some  of  these  I  carefully  returned  the  soil  without  particular  disturbaoce, 
not  having  unearthed  the  rootlets  beyond  an  inch  from  the  main  root,  and  not  having 
unearthed  the  side  of  the  main  root  more  than  three  or  four  inches  below  the  snrfaoe. 
In  no  such  cases  did  the  plants  recover ;  they  all  died  a  few  days  later,  and  an  imme- 
diate examination  revealed  the  fact  that  in  the  space  of  time  named  the  rot  had  ex- 
tended to  the  healthy  side  of  the  root  and  rootlets.  I  further  found  that  the  first 
attack  was  made  on  the  very  extremities  of  the  rootlets  farthest  from  the  main  root, 
and  usually  on  those  deep  down  in  the  ground.  From  these  extremities  it  paned 
gradually  to  the  main  root.  When  it  had  reached  and  surrounded  the  latt-er  the 
leaves  of  the  plant  Invariably  w^ilted,  as  already  mentioned.  I  saw  not  a  single  in- 
stance of  the  recovery  of  a  plant  after  the  leaves  had  begun  to  wUt  fh>m  the  effect 
of  this  blight. 

A  most  thorough  study  of  cotton  blight,  made  from  time  to  time  throughont  the 
season,  has  entirely  convinced  me  that  insects  have  nothing  to  do  with  it  whatever. 
This,  of  course,  if  1  am  correct  (and  I  think  I  am),  places  it  outside  the  scope  of  the 
United  States  Entomological  Commission.     I  found  no  insects  associat«d  with  it  in 
any  way  that  could  be  considered  so  much  as  even  slightly  suspicious.    Nothing  un- 
usual was  ever  found  upon  the  plant  above  ground,  and  the  insects  found  in  thelai^e 
?[uantities  of  earth  that  I  examined,  as  taken  from  about  the  affected  roots,  were  also 
bund  in  equal  numbers  about  the  roots  of  healthy  plants  in  portions  of  the  fields 
where  no  blight  had  ever  appeared.    The  microscope  revealed  to  me  a  fungoid  growth 
upon  the  decaying  roots  and  rootlets,  but  I  was  not  able  to  make  sure  that  this  was 
otherwise  than  the  result  rather  than  the  cause  of  the  blight.    I  found  the  same  fun- 
gus upon  other  decaying  vegetation,  while  I  could  detect  no  trace  of  it  on  cotton 
roots  in  health,  nor  even  in  their  earliest  stages  of  blight. 

I  trust  I  shall  be  excused  if  I  here  venture  a  step  beyond  what  I  consider  the  prot- 
ince  of  the  Commission  to  state  that  cotton  blight,  once  started,  appears  in  succeed- 
ing vears  upon  the  same  spots ;  usually  upon  tlie  highest  and  best  drained  lands  of 
the  field.  I  was  often  told  that  any  other  crop  than  cotton  planted  upon  the  same 
spots  would  be  likewise  blighted,  but  this  I  subsequently  found  t-o  be  a  mistake. 
Rotation  for  a  few  years  in  other  kinds  of  crops  destroys  it,  so  that  when  cotton  comei 
back  to  the  same  field  blight  is  not  apt  to  appear  for  a  ^ear  or  so  at  least ;  and  when 
it  does  appear  there  is  no  certainty  tnat  it  will  appear  in  the  old  spots.  This  points 
to  the  ficMt  that  it  is  something  peculiar  to  cotton,  and  to  the  further  fact  that,  be  the 
cause  what  it  may,  rotation  of  crops  is  the  remeay. 

BOLL  ROT. 

This  is  another  phenomenon  which  has  been  greatly  puzzling  the  cotton-planter 
and  his  friends  up  to  the  present  time,  and  giving  rise,  as  such  things  nsaally  do,  to 
any  number  of  theories.  It  consists  in  the  rotting  of  the  interior  of  the  bollafter  tt 
has  attained  nearly  or  quite  to  full  size.  In  some  cases  the  entire  contents,  both  Unt 
and  seed,  become  a  fermented  and  putrid  mass,  bursting  the  boll  and  running  ont 
frothing  over  the  exterior,  presenting  a  most  disgusting  spectacle.  In  other  cases  the 
contents  of  but  one  or  two  divisions  in  the  boll  go  into  putrefaction,  leaving  the  re- 
mainder to  mature  and  open  out  an  inferior  grade  of  cotton ;  thougn  this  is  the  ex- 
ception rather  than  the  rule.  Usually  when  the  rot  takes  hold  of  a  boll  all  its  con- 
tents are  totally  lost. 

The  first  indication  of  boll  rot  is  a  bruised  or  greasy-looking  circular  spot  about  one- 
fourth  of  an  inch  in  diameter  on  the  outer  covering  of  the  bml.  As  this  spot  grows  in 
age  it  changes  gradually  from  its  original  dull  green  to  a  dark  brown  color,  after 
wnich,  if  the  boll  has  not  already  burst,  as  a  result  of  internal  fermentation,  it  will, 
if  opened,  be  found  to  contain  only  the  disagreeably-looking  mass  already  described. 
If  found  already  burst,  an  examination  will  be  apt  to  show  its  interior  literally  work- 
ing with  small  worms,  the  larvflD  of  insects  that,  attracted  by  the  matter  oozing  fh>m 
its  ruptured  seams,  have  made  use  of  it  as  a  nidus  in  which  to  hatch  aud  rvar  their 
young. 

In  times  past  these  little  worms,  simply  a  result,  and  not  at  all  connected  with  ths 
cause,  have  been  charged  with  the  authorship  of  this  boll  rot  miaohief,  but  I  had  the 
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food  fortune  to  make  a  discovery  which  lets  them  ont  of  the  hands  of  the  conrt  with- 
*m  bail.  I  was  amnsing  myself  one  evening  trying  to  indnce  a  colony  of  ants  to  re- 
>lenUh  their  larder  with  a  well-grown  Boll  worm  {Ueliothis  armigera),  but  they  didn't 
eem  to  want  hira,  so  he  made  his  way  to  the  nearest  cotton  stalk  and  ascended.  I 
:ept  qaiet  to  see  what  he  would  do.  Jast  as  the  snn  was  setting  he  reached  a  cotton 
K)1I  bordering  apon  maturity ,  and  fell  to  work  at  it  after  the  nsnal  manner  of  Boll 
Vorms.  It«  shell  proved  too  hard  for  his  boring  machinery  at  the  point  where  first 
attacked,  therefore  he  changed  his  location  to  the  other  side  and  tried  it  again.  Same 
«8ttlt;  then  he  took  himseli  to  another  part  of  the  plant  and  set  to  work  upon  another 
koll.  While  this  was  going  on  I  thonght  I  would  examine  his  first  job  to  see  if  he 
lad  left  any  mark  u^on  the  surface,  when  lo  I  to  my  ^reat  surprise,  I  saw  the  identi- 
al  dnll  green  or  bruised  spot  always  taken  as  an  indication  of  coming  boll  rut ;  and 
•n  the  opposite  side  of  the  boll  where  he  had  worked  was  another.  There  could  be 
10  mistake  about  it.  1  watched  his  operations  till  the  gathering  darkness  concealed 
bem  from  view,  and  until  he  had  made  eight  similar  bruises.  Tearing  my  pocket- 
landkerohief  into  strips  and  tying  them  as  marks  at  the  base  of  the  bruised  bolls,  I 
3ft  bin  alone  in  his  glorjr. 

Ne2*  lay,  towards  evening, I  found  the  bruises  alreadv  assuming  a  brownish  hue; 
a  thi>  J  days  more  they  were  dark  brown.  On  the  fifth  day  the  bolls  began  to  burst ; 
ot  oT  4>  upon  which  I  had  seen  the  Boll  Worm  work  that  evening  escaped  entire  de- 
trur   on  by  the  **  rot." 

Wi  b  the  back  of  my  pocket-knife  I  made  similar  bruises  on  other  bolls  to  see 
rhetAier  or  not  the  effect  would  be  the  same ;  but  it  was  net — from  my  bruises  the  in- 
erior  of  the  boll  sustained  no  injury  whatever. 

Since,  on  two  occasions,  I  have  seen  the  Boll  Worm  making  these  same  bruises,  and 
lave  kept  the  bolls  under  mark  till  they  rotted,  which  they  did  in  every  case ;  all  of 
rbich  convinces  me  that  I  have  found  the  cause  of  boll  rot,  but  how  the  mere  nib- 
illng  of  a  worm  upon  the  surface  of  the  boll  brings  it  about  is  more  than  I  shall  at- 
empt  to  explain. 

THE   ITLARK. 

The  involucre  or  ''  square''  which  surrounds  the  base  of  the  cotton-flower  bud,  or 
onng  boll,  is  found  to  have  spread  ont,  exposing  to  view  a  kind  of  neck  or  stem  be- 
9w  toe  bud  or  boll.  This  condition  planters  call  the  '*  Flare."  Upon  close  examina- 
ion  of  a  specimen  we  discover  that  a  small  hole  has  been  bored  into  the  bud  or  young 
K>11,  and  that  the  castings  of  some  insect  are  deposited  upon  the  involucre  lust  below 
k  Or,  if  we  do  not  find  these,  we,  upon  still  closer  scmtiny ,  discover  that  tne  *'  neck" 
)f  the  bud  or  boll  exhibits  a  puncture  or  two  so  minute  as  to  be  scarcely  visible  to 
he  naked  eye.  In  a  short  time  this  ii\jured  fruit  separates  from  the  plant  and  faUs  to 
he  ground. 

The  question  as  to  the  cause  of  Flare  has  been  settled  in  case  of  the  holes  bored  in 
he  flower-bud  or  young  boll ;  it  is  the  work  of  young  Boll  Worms ;  bat  in  the  case  of 
he  minute  punctures  the  author,  so  far  as  I  know,  has  not  yet  been  identified.  In 
•bedience  to  iostractions  I  made  diligent  search  for  the  culprit  throughout  the  sea- 
on,  but  was  unable  to  detect  him  directly  at  the  work,  though  I  often  saw  certain 
lemipterons  insects  (as  leaf  hop])ers)  in  such  familiar  Inxtaposition  to  young  cotton 
M)lls  or  flower-buds  as  to  strongly  rouse  the  suspicion  tnat  they  knew  more  about  the 
ause  of  Flare  than  was  known  to  me.  They  are  a  class  of  insects  so  shy  as  not  easily 
0  be  detected  at  mischief.  I  tried  the  experiment  of  confining  some  of  them  under 
;aujse  cloth  with  young  stjuares,  but  secured  no  results.  It  is,  in  my  opinion,  highly 
»iobable  that  several  species  of  Hemiptera  may  have  a  hand  in  producing  the  ^*  Flare.'' 

OTHKR  FOOD  PLANTS  THAN  COTTON. 

The  woods  and  prairies  adjacent  to  cotton-fields  were  often  carefully  searched  in 
lopes  of  finding  the  larva  of  Aletia  feeding  upon  some  other  plant  than  cotton,  but 
o  me  no  such  **  find  "  ever  resulted. 

Repeated  efforts  to  feed  the  worms  in  confinement  upon  such  botanical  relatives  of 
he  cotton  as  could  be  found  native  to  Texas  were  also  made.  Many  species  of  Mal- 
^acee  were  largely  experimented  upon  in  this  direction,  but,  save  in  one  instance, 
here  was  gained  not  so  much  as  a  single  step  towards  success.  That  instance  was  in 
he  case  ojAhuHUm  iex&n$i8y  the  worms  having  eaten  part  of  one  leaf.  Beyond  this 
hey  fed  no  more,  though  fresh  and  tender  plants  were  placed  at  their  disposal  every 
lay;  they  either  "  webbed  up  "  or  starved  to  death,  depending  upon  their  stage  of 
^wth  when  put  into  confinement. 

With  reference  to  Aletia  in  the  moth  state  I  observed  the  case  to  be  quite  different, 
rhe  moths  seem  to  find  their  natural  food  upon  almost  every  species  of  plant  yielding 
leotar.  Among  the  cultivated  plants  outside  of  cotton  the  Southern  field  pea  {DoU- 
lAtff )  apxiears  to  rank  as  a  great  favorite.    On  several  occasions,  where  patches  of 
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this  i>ea  were  adjacent  to  the  cotton- field,  I  not  iced  the  luothii  flitting  ahoat  it  in 
^reat  nnmhers  at  night,  and  in  evening  twilight  they  were  to  be  seen  passing  in 
swarms,  as  it  were,  from  the  cotton  to  the  peas.  1  also  saw  moths  of  the  Boll  Worm 
feeding  in  the  pea  patches  with  large  representation. 

Unlike  the  larva  of  Aletia  that  of  Heuothis  (Boll  Worm)  appears  to  bean  insect  of 
wide  range  so  far  as  relates  to  its  natural  food.  While  it  feeds  upon  the  bolls  of  cot- 
ton with  evident  relish,  thas  leading  ns  to  call  it  the  Boll  Worm,  cotton  bolls  do  not 
appear  to  be  its  first  choice  by  any  means.  It  evidently  has  a  decided  preference  for 
green  com,  npon  which  it  multiplies  with  greater  thrift  than  upou  any  other  culti- 
vated cro]^.  I  think  that,  of  all  the  Cotton  States,  the  Boll  Worm  doew  most  damage 
to  cotton  in  Texas,  growing,  I  suppose,  out  of  the  fact  that  Texas  raises  the  most 
corn.  In  all  my  observations  I  found  the  rule  to  hold  good  that  where  fields  of  earlv 
com  were  adjacent  to  cotton  the  cotton  crop  sustained  greater  damage  from  BoU 
Worm  than  where  they  were  not.  This,  according  to  my  reasoning,  is  because  the 
early  broods  of  Boll  Worms  are  advantageously  raised  upon  the  early  com,  which 
eventually  becoming  too  dry  and  hard  for  their  purpose  forces  the  insects  to  emigrate 
to  the  cotton  fields  for  a  propagation  in  later  broods. 

ANKOTANCB8  TO  THB  COTTON   WORM. 

I  find  it  a  thing  by  no  means  rare  for  planters  to  become  suddenly  carried  away 
with  the  idea  that  they  have  just  discovered  complete  remedies  for  the  Cotton  Worm, 
and  for  large  districts  t-o  become  considerably  electrified  over  the  discovery,  when,  in^ 
truth,  the  new  remedies  are  nothing  more  than  temporary  annoybuces  thrown  in  th 
way  of  the  insect  and  its  work,  and  consequently  worth  very  little  indeed,  if  any 
thing.    Among  the  latest  of  these  may  be  listed  an  application  to  the   plants  of  a^ 
solution  of 

Common  $alt, — Soon  after  reaching  Texas  I  heard  that  the  planters  in  certain  local 

ities  of  the  State  were  efifectually  saving  their  crojis  from  worms  by  sDriukling  th^» 
plants  with  **  brine,''  and  it  even  got  into  the  papers  antl  took  a  general  run  all  ovec^ 
the  country,  producing  quite  a  commotion.    Now,  1  had  no  faith  whatever  in  salt  a^ 
an  insecticide,  still,  as  the  thing  met  me  at  every  hand,  I  concluded  to  pnt  it  to  th^ 
test.    My  applications  were  made  with  salt  in  solution ;  No.  1  had  two  ounces  of  sale 
to  the  gallon  of  water,  and  No  2  three  ounces  of  salt  to  the  gallon.     These  solutioas 
were  thoroughly  sprinkled  over  plants  upon  which  Cotton  Worms  were  at  work  ia 
large  numbers.     Two  days  after  the  applications  had  been  made  I  thought  there  were 
fewer  worms  on  the  plants  sprinkled  with  No.  1  than  before,  while  there  was  an  un- 
doubted thinning  out  under  the  effect  of  No.  2.    The  leaves  sprinkled  with  solution 
No.  2  were  consiaerably  scorched  by  the  salt.    No  dead  worms  were  fonnd ;  indeed 
the  salt  had  been  to  them  nothing  more  than  a  temporary  annoyance,  causing  them 
to  move  to  the  adjacent  plants  not  salted — I  saw  them  going  in  considerable  uumberB. 
And  the  protection  was  only  for  a  very  brief  season ;  a  few  days  later,  when  food  be- 
came more  scarce  on  the  adjacent  plants,  those  to  which  the  applications  had  been 
made  were  restocked  with  worms  and  speedily  stripped  of  their  leaves. 

Saltpeter. — This  salt  (nitrate  of  potassa)  also  got  into  the  papers  upon  the  authority 
of  some  planter  as  a  never-failing  remedy  for  the  Cotton  Worm,  lie  applie^l  it  in  so- 
lution made  by  dissolving  aa  ounce  of  the  salt  to  the  gallon  of  water.  I  put  it  to 
careful  test,  following  his  directions,  and  found  it,  like  common  salt  (chloride  of 
sodium),  tx)  be  simply  a  temporary  annoyance  tx)  the  worms,  and  nothing  more. 

Boad  du8t, — A  much  traveled  road  ran  east  and  west  through  one  of  the  fields  in 
which  I  was  conducting  my  experiments.  Early  in  the  season  the  cotton  on  the  south 
side  of  this  road  was  badly  damaged  by  the  Cotton  Worm,  while  for  40  feet  along  the 
northern  side  it  had  not  been  much  disturbed.  Investigation  for  the  cause  of  the 
exemption  showed  it  to  anse  from  dust  blown  over  the  plauts  from  the  road  by  a  pre- 
vailing wind  from  the  south.  The  discovery  seemed  of  value  as  a  suggestion  of  the 
idea  that  a  dry  season,  with  strong  winds  tdowiug  dust  over  the  plants,  may  make 
an  unfavorable  condition  for  the  growth  and  multiplication  of  the  Cotton  Worm.  It 
is  this  possibly  that  has  given  riso  to  the  notion  that  a  dry  season  is  less  favorable  for 
worms  than  a  wet  one.  Although  dry  in  Central  Texas  this  season,  there  were  no 
strong  winds,  not  enough  to  carry  dust  from  a  road  save  in  cases  where  it  had  first 
been  stirred  up  by  some  other  cause,  as  a  passing  vehicle,  for  instance. 

But  in  the  case  just  mentioned  the  dust  proved  only  a  temporary  annoyance  to  the 
insects ;  later  in  tlie  season  the  exempted  cotton  was  entirely  stripped  by  them. 

Open  Bpaoea. — It  is  noticeable  that  cottou  plants  growing  immediately  upon  the 
boraer  of  open  spaces,  as  along  the  sides  oi  roads,  or  adjacent  to  crops  of  lower 
growth,  &c,,  are  exempt  from  an  attack  by  the  worms  longer  than  those  growing  in 
other  parts  of  the  field.  A  careful  study  of  the  case  has  convinced  me  that  this  is  doe 
to  the  extreme  shyness  of  the  moth,  which  prevents  it  from  stopping  and  de[>ositiDg 
its  eggs  in  such  exposed  situations  Scare  it  up  in  the  daytime  ano  it  at  once  darts 
oflT  to  a  place  of  concealment  in  the  thickest  growth  it  can  find  ;  and  if  you  watch  it 
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g  of  its  own  acoord  late  of  an  evening  or  at  nighty  yon  will  invariably  find  it 
^ooainff  ite  stopping  places  in  obedience  to  the  same  mle ;  yon  rarely  see  it  stop  on 
ny  of  uieae  exposed  plants  of  the  border. 

2V«M. — I  have  often  been  asked  to  explain  whv  cotton  plants  growing  in  the  imme- 
iate  neighborhood  of  trees  are  longer  exempt  from  destruction  oy  worms  than  those 
rowing  where  trees  are  not.  Some  investigators  have  attributed  it  to  the  work  of 
idSy  which,  finding  a  convenient  lodging  place  upon  the  trees,  have  devoured  the 
sects ;  while  others  attribute  it  to  shade.  I  know  it  is  not  due  to  birds  devouring 
le  worms,  for  I  see  the  same  thing  around  trees  that  birds  never  frequent ;  and  1 
low  shade  \r  not  the  cause,  for  I  find  plants  exempt  all  the  same  on  the  north  sides 

the  trees  where  shade  cannot  come.  It  is,  evidently,  this  same  peculiar  sJiyness 
'  the  moth  which  causes  it  to  avoid  exposed  situations.  If  you  watch  it  in  its  vol- 
itary  flisht,  as  I  have  done,  you  will  see  that  it  invariably  ffives  all  trees  a  wide 
>rth.  'Ihis  is,  in  all  probability,  due  to  its  instinctive  fear  of  birds  that  might  be 
dffing  upon  the  trees. 

shade. — This  does,  however,  afibrd  a  temporary  annoyance ;  not  to  the  moths,  for 
ey  being  nocturnal  in  their  habits  do  all  their  work  under  shade,  but  to  the  worms. 
1  my  search  for  a  solution  of  this  tree-problem,  I  stretched  a  taipaulin  upon  stakes 
K>ve  a  number  of  plants  so  as  to  shade  them.  There  was  a  goodly  stock  of  worms 
>on  the  plants  at  the  time,  but  in  a  day  or  two  afterwards  they  had  all  changed 
leir  quarters  to  other  plants  and  sunshine.  But  they  returned  to  their  work  in  full 
roe  when  a  trimming  out  of  the  field  had  brought  nice,  fresh  cotton  leaves  into 
itter  demand. 

NATURAL  BNXMIB8. 

Entomologists  who  write  on  the  subject  of  cotton  insects  usually  find  a  great  deal 
say  with  reference  to  the  ''natural  enemies"  of  the  Cotton  Worm.  These  they 
lint  out  as  existing  among  the  quadrupeds  and  birds,  and  among  other  species  of  in- 
ots.  To  the  quadruped  portion  of  the  subject  I  have  given  no  attention,  but  birds 
Cotton  Worm  destroyers  and  some  of  the  insects  I  have  studied  extensively  and 
ith  great  care. 

BirtU, — Soon  after  I  had  located  at  Calvert  reports  were  brought  to  me  by  several 
anters  setting  forth  that  immense  numbers  of  small  but  strange  birds  had  appeared 
I  their  plantations  and  were  devouring  the  Cotton  Worms.  I  found  the  ''strange 
rd''  to  be  a  small  black,  white  and  bun  sparrow  of  the  species  known  to  science  as 
}turnieulu8  leoontei.  As  we  approached  the  cotton  fields  it  flew  up  in  considerable 
mibers  from  among  the  plants  along  the  edges  bordered  by  woodlands,  where  it  had 
ten  feeding  upon  the  worms,  as  the  contents  of.  its  stomach,  examined  in  several 
ecimens  shot,  plainly  demonstrated.  I  was  rather  surprised  to  see  it  in  numbers  so 
rge,  owing  to  the  fact  that  it  has  usually  been  regarded  by  naturalists  as  rather  a 
srce  bird.  Of  course  it  was  not  a  strange  bird  for  Texas ;  it  had  now  for  the  first 
oae  attracted  the  attention  of  these  planters — that  was  all. 

The  Texas  bird  that  I  fonnd  standing  first  in  rank  as  a  devonrer  of  Cotton  Worms 
ss  the  common  Mocking  Bird  (Mimus  polygloitus) ;  and  next  to  this,  perhaps,  was 
e  American  Cuckoo  ( Coocygu9  americanu8).  I  saw  neither  of  these  birds  catching 
dths ;  the  only  bird  I  saw  actively  at  that  business  to  an  extent  worth  naming 
fts  the  Bee  Martin,  or  Ring  Bird,  of  Texas  ( TyranntM  vertioaUa).  It  was  quite  plenti- 
1  on  the  Brazos,  and  I  often  saw  it  in  the  cotton  fields  after  sunset  catching  moths, 
id  not  onfrequently  continuing  at  its  work  until  twilight  had  considerably  ad- 
Luced  beyond  the  half-way  line  between  daylight  and  darkness. 
AnU. — I  made  many  experiments  with  ants  for  the  purpose  of  gatheriuff  some  idea 
the  extent  to  which  they  are  the  "natural  enemies''  of  the  Cotton  Worm.  Put 
irysalides  of  Aletia  at  the  openings  of  ant-hills  of  all  the  species  I  was  able  to  find 
the  cotton  field,  including  those  of  the  common  and  conspicuous  Poganamyrmex 
rhatua,  or  "Agricultural  Ant  of  Texas."  When  first  put  down  the  ants  usually 
gged  at  the  small  extremities  of  the  chrysalides  for  a  few  moments,  after  which 
ey  left  them  undisturbed.  In  not  one  of  the  species  was  there  ever  evinced  the 
latest  disi>08ition  to  break  the  shells.  On  one  occasion  I  partially  crashed  several 
irysalides  until  the  juices  appeared ;  these  the  ants  of  each  species  to  which  they 
ere  o£fered  worked  upon  vigorously  until  they  were  either  devoured  upon  the  spot 
dragged  piecemeal  into  the  habitation. 

One  morning  I  placed  a  number  of  chrysalides  of  Aletia,  still  rolled  up  in  the  leaves, 
the  opening  of  a  strong  colony  of  P.  harbatus.  Returning  in  the  evening  to  see 
bat  had  happened  I  found  the  ants  busily  engaged  cutting  the  then  dried  leaves  in 
sees  for  the  sole  purpose,  evidently,  of  removing  them  from  their  clearing.  It  is  a 
loaliarity  of  this  ant  to  keep  every  thing  cleared  away  from  the  entrance  to  its  den 
r  a  space  of  10  or  15  feet  in  diameter,  not  even  sparing  cotton  plants  or  those  of  any 
her  crop  that  the  farmer  may  happen  to  put  within  the  boundaries  of  its  claim. 
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Already  soveral  leaves  had  been  wholly  oleare<l  away,  bnt  the  chryRalides  which  tbej 
had  contained  wore  still  lying  upon  the  groond  nndistnrb*^,  they  lieins^  too  heavy  to 
remove  entire,  and  the  anta,  for  some  reason  best  known  to  themselves,  having  de- 
clined to  cut  them  in  pieces. 

On  various  occasions  I  offered  eggs  of  Aletia  to  many  different  species  of  ants,  bat 
not  in  a  single  case  could  I  induce  them  to  cut  one  from  the  IcAf,  though  if  I  broke 
the  eggs  loose  for  them  they  would  seize  upon  and  carry  them  off  wiUiout  benta- 
tion.  Some  writers  claim  that  ants  ascend  the  cotton  plants  and  devour  the  eggi  of 
both  A.letia  and  Heliothis.  This,  I  am  fully  convinced,  is  an  entire  mistake,  especiaUy 
so  far  as  relates  to  Texas  ants.  My  eyes  are  very  good,  and  I  have  kept  them  opeo 
looking  after  this  thing  throughout  the  season ;  were  it  common,  as  has  often  been 
claimed,  I  surely  would  have  seen  something  of  the  kind,  which  I  did  not. 

As  to  tlie  Aletia  Iarva»,  or  Cotton  Worms,  my  observations  have  convinced  me  that 
some  si>ecif^8  of  ants  will  destroy  them,  especially  yonng  worms,  if  place<l  near  the 
entrance  to  their  hills.  Hnt  the  cases  of  this  destruction  that  will  fall  under  the  eyes 
of  an  observer  are  far  Wsa  common  than  one  might  suppose.  In  most  instances, the 
worm,  so  soon  as  touched  bv  an  ant,  goes  into  a  series  of  skips  and  bounds  which 
carry  it  several  inches,  and  perhai>s  feet,  away.  The  sudden  movement  seenu  to 
fHgnten  the  ant,  which  rnr«?.ly  starts  in  pursuit.  If  a  new  contact  happens  to  resalt 
from  another  passer,  away  goes  the  worm  again  as  before,  until  it  is  finally  oat  of 
danger  and  u]>  a  cotton  stalk.  Have  never  yet  seen  an  ant  attack  a  worm  of  any  cod- 
sidorable  size  on  a  plant,  though  it  is  no  uncommon  thing  to  see  ants  walk  directly 
over  worms.  The  large  ants  seldom  ascend  the  plants  for  any  purpose ;  the  small  ones 
that  go  up  seem  to  have  been  attracted  either  by  the  exudations  from  plant  lice  or 
by  plant  nectar. 

I  have  seen  nothing  to  convince  me  that  ants  are  of  much  valne  to  the  planter  in 
their  r^le  as  ''  naturiu  enemies  **  of  the  Cotton  Worm.  I  do  not  question  the  aasertioD 
that  they  devour  large  numbers  of  worms,  but  if  the  whole  truth  was  known  it  wonld 
be  found,  in  my  honest  opinion,  that  nearly  all  such  worms  were  either  maimed  in 
some  way  or  fatally  sick  before  the  ants  took  them  in  hand.  I  am  sure  that  in  TexM, 
at  least,  the  good  they  all  do  is  more  than  overbalanced  by  the  evil  wrought  in  the 
work  01  the  '^Agricultural  Ants''  in  making  their  "cleanups"  in  the  cotton  fields. 

Other  tnMcte.— -My  investigations  with  reference  to  other  msect  enemies  of  the  Cot- 
ton Worm  were  ^  not  so  thorough  as  in  the  case  of  the  ants,  my  instructions  not  de- 
manding it;  but  in  the  course  of  the  season  I  saw  on  duty  most  of  the  insects  referred 
to  in  Bulletin  No.  3  of  the  United  States  Entomological  Commission,  and  nothing 
additional,  showing  that  the  work  of  the  Commission  had  already  been  quite  thorough 
in  this  direction,  for  Texas  at  least. 

The  only  thing  that  struck  me  £&  particularly  new  under  this  head,  growing  out  of 
my  investigations,  was  the  idea  that  entirely  too  much  importance  is  usually  attached 
to  the  '*  natural  enemies"  of  the  Cotton  Worm.  So  far  as  mere  natural  history  is  con- 
cerned thiH  part  of  the  subject  is  worthy  of  due  consideration,  of  course,  bnt  I  can- 
not regard  it  as  being  of  any  particular  interest  to  the  man  who  concerns  himself  only 
as  a  practical  cotton  jdanter.  What  cares  he  as  to  how  many  friendly  birds  or  insects 
feed  upon  his  insect  enemies,  provided  there  are  not  enough  of  them  to  save  his  cropt 
1  am  sure  that  enough  have  never  ^et  appeared  to  save  the  cotton  crop  in  a  season . 
favorable  for  the  growth  and  multiplication  of  Cotton  Worms;  and  I  am  also  sure 
that  enough  to  secure  such  an  end  never  will  appear.  This  being  the  case,  what  doen 
the  planter  gain  from  themf  They  leave  him  standing  exactly  where  he  wcnld  be 
found  standing  were  they  not  in  existence.  It  would  cost  him  no  more  to  poison  thr 
plants  for  r.he  comparatively  small  addition  of  Cotton  Worms  that  would  claim  b'i 
attention  in  case  these  '* natural  enemies"  had  not  taken  their  share  than  it  co^«t0 
him  as  it  is.  The  [loisoniug  to  be  effectual  must  be  thorough;  nothing  short  of  rhie 
will  ever  annwer. 

But,  |H>ssibly,  some  will  argue  that  these  *' natural  enemies"  may  appear  in  force 
so  large  as  to  bold  the  Cotton  Worms  nnder  check  in  such  seasons  as  are  not  other- 
wise favorable  to  their  development.  If  arguments  of  this  character  are  presented 
they  will  be  mere  speculations  unsupported  by  facts.  Where  are  those  '' natural  ene- 
micM-'  in  the  seasons  when  worms  do  not  injure  the  crop  T  One  never  sc^es  them  on 
such  occasions — one  never  will. 

I  contend,  without  fear  of  being  wrong,  that  the  appearance  of  these  '*  natural  ene- 
mies "  ill  the  tield  is'merely  a  result  growing  out  of  favorable  conditions  for  their  a^ 
traction,  or  for  their  own  multiplication,  and  that  most  prominent  among  theee  fiftvor- 
able  conditions  in  an  abundant  crop  of  Cotton  Worms  to  supply  them  with  food.  It 
is  all  nice  enough  to  regard  them  in  the  light  of  friends,  whicn  they  are,  in  a  certain 
sense ;  perhaps  it  would  be  better  to  reckon  them  as  our  guests  who  have  dropped  in 
from  the  "  hedges  and  highways"  in  compliance  with  our  wishes,  nfter  tke/mut  hatbem 
spread,  bnt  w  ho  would  never  have  thought  of  responding  to  our  bidding  had  we  inviteH 
tlietij  to  a  festal  board  made  up  of  empty  tables. 
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THB  TBABT  FERMENT  REMEDY. 

ent  to  orders  in  '*  Supplementary  Instr actions  ^  I  pot  this  proposed  remedy  for 
;ou  Worm  to  many  careful  tests,  employing  three  n-ades  of  veast,  or ''  ferment^'' 
speriments.  No.  1  was  a  duly  prepared  yeast  ootained  from  a  brewery ;  No. 
une,  obtained  from  a  bakery  ;  and  No.  3,  a  preparation  made  by  myself  after 
»r  Willet's  plan  as  laid  down  on  page  71  of  Bnlletin  No.  3.  The  yeast  was  di- 
tth  water  to  various  strengths,  and  sprinkled  upon  the  plants  aud  worms,  both 
pen  field  and  un(ier  gauze-covered  boxes.  The  boxes  used  were  large  dry 
3xes  from  which  both  top  and  bottom  had  been  removed.  They  were  placed 
ing  plants  in  the  field  that  had  been  liberally  stocked  with  worms,  and  sprink- 
I  the  preparations,  after  which  a  thin  cotton  gauze,  as  mosquito  barring,  waa 
)ver  the  top  of  each. 

losest  possible  attention  was  given  to  these  experiments  through  an  ample 
time  for  their  perfect  development.    Notiiing  resulted  to  indicate  that  the 
was  of  any  value  whatever. 

PYRETHRUM  POWDER. 

owder  used  by  me  in  my  experiments  was  the  California  preparation  some- 
en  upon  the  market  as  '*  Buhach.''  I  began  operations  by  inverting  two  glass 
s  upon  several  thicknesses  of  soft  pai>er,  and  placing  under  No.  1  five  grains 
.brum  powder,  dry,  and  under  No.  2  the  same  quautity  mixed  with  water  to 
aste.  Next  I  placed  under  each  tumbler  two  lively  Aletia  moths  taken  from 
ding-box.  The  u  otbs  fiew  up  and  took  positious  immediately  under  the  bot- 
the  inverted  tumblers. 

linute,  all  the  moths  were  seen  to  be  shaking  or  twitching  their  wings.  Five 
:  all  had  fallen  to  the  paper.  When  I  struck  upon  the  tumblers  with  my  hand 
ttered  up,  but  immediately  fell  back  again,  having  apparently  lost  the  power 
ng  to  the  glass  with  their  feet.     Fifteen  minutes:  both  moths  in  No.  1  were 

0  fly  up  when  I  struck  upon  the  tumbler,  but  lay  upon  their  backs  and  moved 
!t  slufl^gishly,  as  if  in  the  act  of  walking.     No.  2  flew  up  the  sides  of  the  tum- 

fcll  back  as  usual.  Thirty  minutes:  No.  2  could  rise  no  more;  each  of  the 
}  lying  upon  its  back,  slowly  moviug  its  feet.  In  six  hours  all  were  dead, 
ing  about  half  an  hour  sooner  than  No.  2. 

eems  to  prove  that  the  dry  powder  is  more  prompt  in  its  action  than  when 
3d  with  water. 

iv  twilight  I  closed  my  windows  and  tume<f  loose  in  my  room  nix  lively  Aletia 
ifter  having  dusted  upon  the  head  and  thorax  of  each  a  very  nmall  quantity 
yrethrum  powder.  They  flew  up  and  settled  about  the  ct'iling  and  windows, 
ainutes:  each  showed  that  peculiar  twitchiuj^  of  the  wings  that  had  be<^n  f-een 
the  course  of  the  preceding  experiment.  Fifteen  minutes:  three  were  down 
oor  unable  to  rise.  Twenty-five  minutes :  all  were  down  aud  helpless.  I  col- 
lem  in  an  open  wash-bowl;  next  morning  all  were  dead. 
cJed  two  rows  of  cotton  running  across  a  square  acre,  with  pyrethrum  powder 
'  at  the  rate  of  one-fourth  of  an  ounce  to  the  gallon  ;  also,  two  rows  with  the 

the  rate  of  half  an  ounce  to  the  gallon.  The  plants  were  heavily  stocked 
tnns  in  almost  every  stage  of  growth,  it  being  late  in  the  season  when  the 
irere  not  marked-  with  much  regularity  as  to  time.     The  weaker  solution 

out  the  worms  somewhat,  but  did  not  give  full  satisfaction ;  the  stronger 

entirely  cleared  the  plants — next  day  not  a  living  worm  was  to  be  found  upon 

1  sprinkled  with  the  stronger  solution,  though  there  were  plenty  of  dead  ones 
in,  usually  upon  the  ground. 

e  a  dusting  implement  by  fitting  the  pipe  of  a  small  hand-bellows  into  a  small 
and  perforating  the  top  of  the  box  with  many  minute  holes.     A  dry  powder 
a  the  box  could  be  forced  through  the  perforations  by  working  the  bellows 
'e,  thus  enabling  one  to  spread  it  quite  thinly  aud  eveuly  over  the  leaves  of 
With  this  I  dusted  two  worm-infested  rows  of  cotton  with  dry  pyrethrum 
unmixed  with  anything,  at  the  rate  of  about  one  pound  to  the  acre,  throwing 
ch  as  possible  against  the  undersides  of  the  leaves.     This  brought  no  satis- 
-esults,  which  was^  I  take  it,  on  account  of  the  extreme  lightness  of  the  pow- 
enting  it  from  flying  with  force  sufiicient  to  stick  to  the  leaves,  and  also  en- 
very  large  proportion  of  it  to  float  otf  upon  the  air.    I  subsequently  applied 
same  way  mixed  with  dry  London  purple  at  the  rate  of  one  pound  of  the 
»  four  ounces  of  pyrethrum.    This  gave  it  weight  and  consequently  a  better 
capacity.    The  result  was  very  good — iu  from  two  to  three  days  uot  a  worm 
e  seen  on  the  plants. 

acted  many  experiments  with  pyrethrum  looking  to  a  fixing  of  its  volatile  prin- 
tbat  it  might  be  applied  in  the  open  field  and  made  more  lasting  iu  its  eflf^L^^ 
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While  not  poflitive.  I  am  ntrongly  inclined  to  the  opinion  that  I  have  bit  npon  some- 
tfain^  that  will  proye  all  that  is  required  in  that  direction.  It  conaiiite  iu  simiuT  mixing 
the  powder  with  a  solution  of  starch  prepared  and  cooked  as  for  oae  in  the  lanndiy, 
though  made  considerably  thinner.  A  common  paste,  or  a  mere  mixture  of  raw  flour 
and  water  will  not  answer;  it  must  be  ** starch/'  a  cooked  solution,  which  is  almost 
entirely  transparent. 

Several  times,  Just  before  leaving  Texas,  I  put  this  preparation  to  test  with  fine 
resnlte,  though  time  did  not  admit  of  my  making  the  experiment  as  thorough  as  I 
could  have  wished.  The  experiments  that  I  did  make  consisted  in  sprinkling  cotton 
plants  with  tlie  starch  and  pyrethnim  mixture,  and  then  stocking  them  witn  worms 
two  or  three  days  afterwaros.  In  each  case  the  worms  fed  upon  the  starched  leaves 
and  died. 

I  expect  this  to  cross  the  views  of  many  who  hold  that  pyrethrum  does  not  kill  by 
going  into  the  stomach  ;  I  shall  not  contend  that  it  does.  All  I  know  about  the  mat- 
ter is  that  the  worms  fed  npon  my  pyrethrum  and  starch-sprinkled,  plants  and  died 
very  soon  afterwards.  It  is  evident  that  the  starch  drying  over  the  particles  of  py- 
rethrum had  sealed  them  up,  and  protected  them  from  the  atmosphere.  Each  par> 
tide  was  inclosed  in  a  minute  capsule,  as  it  were,  and  it  does  not  ap|)ear  impossible 
that  the  worm,  in  its  feeding,  may  have  cut  open  onn  of  these  ciipsule«  and  unwit- 
tingly liberated  the  death-dealing  principle  confiiied  within,  thns  exposing  itself  t<» 
the  effect  without  having  eaten  any  of  the  contents. 

On  reaching  home  I  found  some  very  large  caterpillars  (Sphinx  caialpce)  feeding 
upon  my  seedling  Catalpa  trees  in  the  nursery  bed,  and  wishing  to  see  what  pyreth- 
rum would  do  for  these  worms  I  deposited  a  mere  speck  of  the  powder  upon  the  heads 
or  bodies  of  some  of  them.     In  aboct  five  minutes  they  had  discovered  that  some- 
thing was  wrong,  and  were  beginning  to  Hirt  themselves  about  after  the  manner  of 
such  worms  when  a  parasitic  fly  is  troubling  them.      A  jgreen  juice  was  forced  from 
their  months  and  thrown  over  their  bodies,  but  all  in  vain — in  a  few  hours  they  were 
dead.    And  the  singular  manner  in  which  they  disposed  of  their  own  ''mortal"  re- 
mains interested  me  exceedingly — they  never  fell  to  the  ground,  but  invariably  hnoj; 
their  heads  over  the  petiole  of  a  leaf,  let  go  with  all  their  feet,  and  died,  leaving  their 
bodies  thus  strangely  suspended,  where  they  were  t4)  be  seen  for  days  afterwaras. 

Wishing  to  further  test  my  starch  and  pyrethrum  mixture,  I  selected  a  young  cft> 
talpa,  growing  some  distance  away  from  the  main  bed,  and  sprinkled  the  under  sidei 
of  its  leaves  with  the  mixture,  intending  to  stock  it  a  few  days  later  with  wonss. 
That  night  heavy  rains  fell ;  in  fact  it  rained  heavily  and  almost  incessantly  for  sev- 
eral days,  at  the  end  of  which  time  the  worms  were  about  all  gone  for  the  season. 
Of  course  it  was  but  reasonable  to  suppose  that  the  mixture  was  all  washed  from  the 
young  catalpa  under  experiment,  and  that,  therefore,  my  test  was  ruined ;  it  was  now 
too  late  to  begin  it  anew.  Findinj^  three  worms  on  some  of  the  other  plante  I  plaoed 
them  npon  the  catalpa  under  mention  and  went  about  my  business,  giving  the  mat- 
ter DO  particular  thought  further.  This  was  in  the  morning ;  in  the  evening  I  chanced 
to  pass  the  same  way,  and,  judge  of  my  surprise,  there  hung  the  three  worms  from 
the  leaf-stalks  of  the  young  tree,  dead.  On  examination  I  found  where  each  had  eat«ii 
a  small  portion  of  a  leaf. 

OTHER  VBOKTABLB   POISONS. 

I  went  to  Texas  entertaining  great  hopes  that  I  should  find  among  the  native  plants 
of  that  State  some  substitute  for  pyretnrum,  or,  at  least,  something  that  would  ap- 
proach towards  it  in  value  as  an  insecticide.  Under  this  stimulus  I  put  to  practical 
test  a  large  number  of  plants,  some  of  them  botanically  related  to  pyrethrum  and 
many  otherwise.  My  course  of  procedure  was  to  dry  and  pulverize  the  flowers  and 
leaves,  and  apply  the  powder  so  obtained  on  the  plan  usual! v  resorted  to  with  pyreth- 
rum. I  regret  being  forced  to  report  that  my  efforts  in  this  direction  were  wholly  un- 
rewarded ;  I  found  nothing  that  deserved  to  rank  higher  than  a  mere  temporary  an- 
noyance to  Cotton  Worms,  driving  them,  to  some  extent,  but  not  killing  them. 

ARSENICAL  POISONS — ^LONDON  PURPLE. 

It  has  been  published  that  London  purple  suspended  in  water  at  the  rate  of  half  a 
pound  of  the  former  to  forty  gallons  of  the  latter,  and  sprinkled  over  the  plants,  would 
prove  entirely  effectual  as  a  poison  for  destroying  the  Cotton  Worm.  In  the  hands  of 
a  professional  scientist  so  small  a  proportion  of  poison  might  be  made  to  act  very  well, 
but  experience  and  observation  in  Texas  has  convinced  me  that  it  is  too  small  for 
general  use  among  planters,  especially  with  the  rnde  kind  of  machinery  now  com- 
monly employed  lor  putting  it  upon  the  plants.  Three-fourths  of  a  pound  to  forty 
gallons  is  a  proportion  small  enough  for  the  poison.  This  will  destroy  the  worms,  and 
if  well  and  evenly  put  on  will  never  injure  the  plants — in  fact,  one  pound  to  forty 
gallons  will  work  no  injury  to  the  plants  worth  naming  if  kept  well  stirred  up  in  the 
water,  and  thrown  finely  and  eveuly  over  the  cotton. 
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9me  caraful  exi>eriment«  with  dry  London  parple,  andilnted  with  anything, 
pose  of  deciding  whether  or  not  it  conld  be  applied  snccessfally  and  maoe 
I  this  condition.  The  implement  employed  in  the  applications  wa»  the  bel- 
ox  arrangement  already  mentioned  in  connection  with  pyrethmm.  With 
ed  double  rows  of  cotton  plants  across  a  square  acre,  the  worms  upon  them 
rong  force : 

ider  side  of  leaves  at  the  rate  of  two  pounds  of  purple  to  the  acre ;  No.  2, 
le  rate  of  three  pounds  to  the  aero,  and  No.  ^,  thrown  oyer  the  plants  gen- 
ie rate  of  two  pounds  to  the  acre.  All  the  youug  worms  still  on  the  under 
e  leaves  of  Nos.  I  and  2  were  promptly  cleared  off,  but  some  large  ones  re- 
several  days  on  the  upper  sides  of  the  leaves,  though  they  did  not  seem  to 
.  The  leaves  were  more  or  less  scorched  by  the  poison,  especially  on  the 
d  at  the  rate  of  three  pounds  to  the  acre.  But  the  rows  dusted  promis- 
the  rate  of  two  pounds  to  the  acre  showed  the  best  results — the  worms  were 
off,  while  very  little  dama^  was  done  to  the  foliage. 
)  a  goo<l  deal  of  the  scorching  may  he  charged  to  the  nidenoss  of  the  im- 
ith  which  the  applications  were  made,  it  not  distributing  the  powder  with 
ilarity.  But  even  so  imperfect  a  test  settles  it,  in  ni^  mind,  that  there  is 
eed  of  diluting  London  purple  with  anything  save  air — a  machine  can  be 
lat  would  apply  it  in  this  condition  as  successfully  as  in  an^  other.  My 
ih  a  machine  pictures  something  on  the  plan  of  the  revolving  ''fan''  or 
used  by  blacksmiths  or  foundrymen,  with  an  attachment  qualified  to  feed 
rple  in  from  a  hopper  only  Just  so  fast  as  needed.  I  think  such  a  machine 
ten  up  easily  and  with  very  little  complication  in  either  its  construction  or 
working. 

lew  to  testing  whether  or  not  the  moth$  of  Aletia  are  killed  by  the  appli- 
^ndon  purple  to  the  plants,  I  affixed  two  large  dry-goods  boxes  each  over 
ing  cotton-plant,  as  in  the  yeast  experiment.  The  plant  in  No.  1  was  care- 
ed  on  the  under  sides  of  the  leaves  with  London  purple  in  water  at  the 
3e-fonrths  of  a  pound  to  forty  gallons.  Nothing  was  put  upon  the  plant  in 
der  each  gauze-covered  box.  with  the  plants,  were  placed  twelve  lively 
bs,  taken  from  my  breeding  box,  where  they  had  been  two  days  without 
t  day  found  six  moths  detul  in  No.  1  and  iwo  dead  in  No.  2.  And  the  next 
three  dead  in  No.  1,  and  none  dead  in  No.  2.  Replaced  the  dead  moths  with 
iraens,  after  having  sprayed  both  plants  promiscuously  with  the  same  mix- 
kl  at  the  beginning  of  the  experiment.  Next  morning  found  four  moths 
.  1  and  seven  in  No.  2. 

me  of  the  season  when  the  Boll  Worm  was  most  actively  at  work,  I  made 
lent  looking  to  a  decision  as  to  whether  or  not  sprinkling  the  plants  with 
rple  had  any  bad  effect  upon  that  insect  after  it  had  ceased  to  feed  upon 
Selecting  several  heavily-fruited  plants,  1  spread  dry  London  purple  oare- 
the  bolls,  applying  it  thinly  with  a  camel's-hair  pencil.  It  protected  every 
le  a  large  per  centum  of  the  bolls  on  all  the  neighboring  plants  were  af- 
ored  into,  not  one  to  which  I  had  applied  the  London  purple  was  damaged 

.  Jjondon  purple  to  many  e^gs  of  Aletia,  spreading  it  thinly  over  them,  dry, 
lel's-hair  pencil.    I  think  it  destroyed  every  egg  so  treateo. 

PABIS  OREXN. 

riments  with  this  article  were  limited  to  a  few  applications  made  with  the 
tended  in  water  for  the  purpose  of  determining  how  small  a  quantity  could 
fectual  as  a  destroyer  of^the  Cotton  Worm.  The  poison  was  obtained  of  a 
alveston,  and  was  supposed  to  be  as  pure  as  any  on  the  general  market.  It 
•  satisfaction,  mixed  m  the  proportion  of  one  pound  of  raris  green  to  forty 
vater,  and  thrown  over  the  plants  promiscuously  with  a  force  ppmp  in  finely 
8 ;  but  lees  than  one  pound  did  not  prove  a  decided  success.  This  quantity 
sared  off  the  worms,  and  did  not  seem  to  injure  the  plants  in  the  least.  I 
^er  starch  nor  flour,  but  to  one  application  I  addea  common  salt  in  the 
of  two  pounds  to  the  forty  gallons  of  water.  The  salt  gave  a  greater  speoi- 
to  the  water,  thus,  as  I  thought,  aiding  in  the  suspei^sion  of  the  Paris 

ARSBNIO. 

on  employed  in  these  experiments  was  the  common  white  arsenic  {AMum 
,  coating,  landed  in  Texas,  from  3  to  4  cents  per  pound  by  the  barrel, 
three  tests  were  made  with  the  poison  in  a  dry  state,  applied  undiluted  to 
l>y  means  of  the  bellows  dustings-implement  already  described.  Each  ex- 
>vered  two  rows  of  cotton  running  across  a  square  acre,  and  well  stocked 
I  in  various  stages  of  growth. 

aONG — J 
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No.  1,  thrown  against  the  ander  siies  of  the  leaves  at  the  rate  of  2  pounds  of  dry 
arsenic  to  the  acre ;  No.  2,  same  quantity  thrown  promiscnonsly  over  the  plants,  th« 
upper  sides  of  the  leaves  getting  the  lareer  share,  of  course,  and  No.  .3,  applied  in  the 
same  manner  as  No.  2,  at  the  rate  of  1  piund  to  the  acre.  Nos.  1  and  2  destoojed  all 
the  worms,  hut  humed  the  leaves  of  the  plants  hadly.  No.  3  showed  only  a  pirtial 
clearing  out  of  the  worms,  while  the  leaves  of  the  plants  were  more  or  less  scorched. 

A  permanent  solution  was  made  hy  addincr  to  5  gallons  of  water  5  pounds  of  anenie 
and  1  pound  of  sal  soda,  and  boiling  over  a  fire  in  a  common  iron  pot  until  all  the  Ar- 
senic was  dissolved.  This  makes  a  solution  of  arsenic  that  will  keep  for  any  length 
of  time  without  the  slightest  precipitation. 

Of  this  solution  1  quart  was  put  into  40  gallons  of  water,  which  was  then  sprinkled 
over  the  cotton-plants  in  the  usual  way.  It  destroyed  the  worms,  which  were  in 
strong  force  when  the  application  was  made,  leaving  the  plants  uninjured  to  any  ex- 
tent worth  naming.  Several  similar  tests  were  made,  all  with  uniform  succen. 
Forty  gallons  were  found  amply  sufficient  to  go  over  an  acre  of  cotton  of  ofdiniry 
growth. 

Here  we  have  a  remedy  with  which  we  can  save  our  crop  from  the  Cotton  Worm 
at  a  cost  of  li  cent  per  acre,  rating  the  price  of  arsenic  at  4  cents  per  pound  and  that 
of  sal  soda  at  5  cents,  which  would  be  very  high  for  the  latter.  This,  it  seenu  to  me, 
is  whittling  the  matter  of  cost  down  to  a  point  decidedly  fine.  Of  course,  there  miut 
be  added  to  the  cost  of  the  drugs  the  further  cost  of  preparation  and  applicitioD. 
The  cost  of  application  can  be  no  greater  than  that  of  applying  any  other  liqoid  rem- 
edy ;  indeed,  it  should  not  be  so  sreat  as  in  the  case  of  some  of  tnem,  owing  to  the 
fact  that  the  liquid  is  a  perfect  solution,  and,  therefore,  will  not  require  the  Mutation 
necessary  to  keep  insoluble  poisons  in  suspension.  The  cost  of  preparing  tne  satn- 
rated  solution  might  be  put  down  as  a  very  small  item  against  arsenic,  bat  I  think 
this  is  more  than  offset  by  the  advantages  of  having  a  perfect  solution  at  the  applica- 
tion ;  then,  since  the  saturated  solution  will  keep  au  indefinite  length  of  time,  it  may 
be  prepared  at  odd  spells,  when  there  is  nothing  else  in  particular  to  do. 
•  I  am  aware  that  a  strong  prejudice  exists  against  th^  use  of  arsenic  as  an  inaeeti- 
cide,  the  prejudice  growing  out  of  the  mere  fact,  doubtless,  that  arsenic  is  weU  known 
by  name  as  a  dead^  poison.  Many  persons  who  use  Loudon  purple  or  Paris  green 
upon  their  cotton  without  hesitation  could  not  be  induced  to  use  '*  arsenic  "  under  any 
consideration.  They  would  tell  us  that  to  tamper  with  so  virulent  a  poison  as  anenie 
is  extremely  dangerous,  while  there  is  no  particular  danger  atteuding  the  uBeof 
either  of  the  other  two  articles  named.  Nothing  could  be  more  foolish  I  1  mnt  that 
it  would  not  do  to  use  a  solution  of  arsenic  for  drinking  purposes,  nor  for  saortening 
one's  biscuit,  neither  would  it  do  an  v  better  to  so  use  the  water  holding  in  suapension 
an  insect-destroving  quantity  of  eitner  Loudon  purple  or  Paris  green.  The  three 
pois(»ns  are  really  one  and  the  same  thing  after  all,  the  agent  in  both  Loudon  purple 
and  Paris  green,  qualifying  them  to  destroy  Cotton  Worms,  being  arsenic  and  nothing 
else.  Remove  the  arsenic  from  them  and  they  would  be  no  more  etfectnal  as  insecti- 
cides than  powdered  chalk  or  common  road  tiust.  They  are  all  deadly  poisons  alike, 
taken  into  the  stomach — keep  them  out  of  that  organ,  and  th«re  is  uo  danger  in  any 
of  them. 

The  planter  who  uses  arsenic  as  an  insecticide,  preparing  it  iu  advance  as  snggested, 
should  have  a  good  whisky  or  oil  barrel  for  containing  nis  solution  until  wanted. 
This  might  be  painted  some  bright  color  t^  strongly  distinguish  it  from  all  other 
barrels  on  the  place,  and  it  would  be  well  to  have  tue  word  **  arsenic  "  or  **poiff>n 
painted  (not  daubed)  in  large  plain  letters  upon  its  side.  With  such  precaution  aa 
this,  and  keeping  the  barrel  well  bunged  and  out  of  the  way  of  small  children  and 
live  stock,  there  could  certainly  be  no  attendant  danger. 

The  rule  which  I  have  given  for  preparing  the  second  solution  might  not  holil  ffx^ 
iu  every  instance  on  account  of  variation  iu  the  quality  of  arsenic,  due,  possihly,  ^ 
adulteratiou.  A  ^ood  and  safe  way  to  set  this  thing  right — one  that  every  planter 
will  understand — is  to  make  small  tests  in  advance  of  the  general  application  as  (f»' 
lows : 

With  some  small  vessel,  as  a  tablespoon,  put  together  160  measuree  of  water  and 
cme  measure  of  the  saturated  solution.  Tnis  gives  you  the  proportion  of  one  qnart 
of  saturated  solution  to  forty  gallons  of  water.  Sprinkle  this  thoroughly  over  an 
average  hill  of  cotton,  and  wait  a  day  or  so  for  results.     If  no  sign  is  left  upon  the 

f slants  the  solution  is  not  strong  enough,  and  ^on  must  repeat  the  experiment  with  a 
ittle  larger  proportion  of  the  saturated  solution.  Ifl  on  the  other  hand,  the  plan^ 
show  the  leaves  considerably  scorched  and  damaged,  the  solution  is  too  strong,  a"d 
you  must  repeat  with  a  reduced  proportion  of  the  saturated  solution,  measuriug  with 
great  care,  however,  so  that  you  will  be  able  to  oome  exactly  at  the  ext-ent  of  addi- 
tion or  reduction  wnen  you  make  your  diluted  solution  on  a  larger  scale.  If,  aft«r 
your  application^  yon  find  the  leaves  showing  only  an  extremely  slight  mark  of 
scorch — an  occasional  leaf  curled  a  little  at  the  edge,  perhaps,  and  a  small  browniah 
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or  "piebald"  spot  here  and  there  on  some  of  their  interiois— your  eolation  is  Jost 
Tight.  These  yery  sUght  scorohee  are  what  yon  want  to  see— while  they  will  not 
damageyonr  crop  in  the  least,  they  will  assure  you  that  joa  are  giving  the  worms  » 
dose  soffloiently  strong  to  make  a  rapid  and  thorough  fizush  of  their  work  as  cotton 
destroyers.  With  your  solution  at  this  strensth  you  need  have  no  fears  of  ii^uring 
your  plants,  put  it  on  as  you  mar ;  for,  unl&e  a  liquid  merely  holding  a  poison  in 
sospeusion,  every  drop  applied  is  the  same  in  its  effect. 

Bespectnilly  submitted,  January  1, 1881, 

J.  P.  6TELLE. 

Frot  C.  y.  RiLBT, 

CMtf  U.  8.  Bntamologioal  CommM&n. 
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BBPOBTS  OF  DK  E.  H.  ANDEB80N. 

REPOBT  FOB  1880. 

Canton,  Miss:,  Oeiober  20, 1880. 

8ib:  As  your  appointee,  I  haye  the  honor  to  make  the  following  renort. 

Alter  diliffent  search,  commencing  as  early  as  the  middle  of  Jane,  I  saw  no  sigii  of 
Aletia  nntil  the  first  week  in  Angnst,  and  then  in  my  locality,  Kirkwood,  Miss.,  mnd 
tet  one  larva,  that  ftill  grown  and  on  the  top  of  the  plant.  On  the  other  hand,  fton 
^he  lot  of  Jnl]^,  the  visitation  of  the  Boll  Worm  was  made  manifest,  and  from  then  nmkil 
^he  present  time  it  has  oontinaed  its  destrnctive  operations,  doing  abont  the  nsoal 


^hUe  engaged  in  this  woald  apparently  stop  to  gather  fiber  from  the  under  sor&oa 
of  the  leaf  with  its  mandibles,  throwing  its  body  &om  side  to  side  as  it  spun  its  web, 
^Oid  would  occasionally  stop  and  eat  a  circular  hole  through  the  leaf,  such  as  we  fre- 
QQently  find  early  in  the  season,  and  mi|^ht  suppose  to  be  the  work  of  the  Cotton 
Worm,  but  the  circular  form  should  distmguish  it  from  the  Cotton  Worm,  as  Ale^ 
always  eats  alon^  a  line.    I  found  other  small  worms  also  webbed  up  in  terminal 
shoots,  but  the  injury  to  cotton  so  slight  as  to  be  inappreciable.    Finding  that  Ale- 
tia had  not  visited  my  locality  by  the  20th  of  August,  and  judging  from  the  low  tem- 
perature of  the  season  that  we  would  have  them,  the  worms,  in  too  small  numbers  for 
experimental  purposes,  I  went  to  Canton,  where  I  had  heard  of  them,  and  where  they 
Sire  ahnost  annual  visitors,  though  this  season  coming  too  late  to  do  much  damage. 
They  were  first  discovered,  as  I  learned  through  correspondence  with  the  proprietor 
where  they  were  found,  on  June  22,  and  he  informs  me  that  they  have  been  annual 
▼isitorB  for  years  past.    His  place  is  elevated  and  undulating,  having  a  red  clay 
substratum,  and  consequently  retains  moisture  well,  and  his  system  of  culture  is  flat, 
in  order  to  prevent  washing.    It  is  bounded  on  the  north  and  northwest  bywoodland 
and  has  an  orchard  and  grove  on  the  south,  elsewhere  open  and  bare.    The  worms 
ilist  made  their  appearance  on  one  of  the  most  elevated  spots  in  the  field,  the  first 
brood  eating  to  a  limited  extent.    At  a  later  period  they  were  discovered  at  another 
point  on  a  slight  declination,  and  extended  their  area,  and  still  later  on  the  top  of  the 
ridge,  widening  their  area,  and  finally  were  to  be  found  all  over  the  cotton,  but  too 
Ute  to  do  actual  damage.    Let  it  be  borne  in  mind  that  this  field,  or  rather  this  planta- 
tion, had  been  diligently  worked  and  annually  fertilized  to  some  extent  both  with 
cotton  seed  and  ooumoet,  and  although  the  com  land  received  the  fresh  manure,  the 
system  of  rotation  of  crops  gave  the  cotton  the  benefit  of  the  previous  year's  manuring, 
and  by  leaching  all  received  a  proportion  of  the  benefit.    Those  who  advocate  the 
theory  that  the  succulent  and  luxuriant  condition  of  the  plant  such  as  is  oftenest  found 
in  low  and  wet  spots,  an^  where  au  exuberance  of  nectar  might  be  found,  is  more 
Inviting  to  the  moths,  would  find  it  difficult  to  explain  why  they  were  found  on  these 
elevated  spots  referred  to  and  similar  spots  referred  to  by  Mr.  Trelease  in  his  report 
of  1879.     Those  who  favor  the  ant  theory  could  not  so  well  see  or  explain  why  the 
ants  did  not  prevent  the  increase  of  the  worm  on  these  elevated  ridges  where  there 
was  nothing  to  prevent  their  building  hills  and  pursuing  their  predatory  habits. 

1  admit  tnat  the  worms  are  oftener  found  in  wet  spots  than  elsewhere,  and  I  think 
for  an  obvious  reason,  but  I  cannot  assent  to  the  pronositiou  that  they  first  ap|>ear 
niUuralljf  in  such  spots.  Early  in  the  season,  1  think  tney  would  be  found  where  the 
•on  had  freest  access  to  the  cotton,  and  where  fertilizers  had  stimulated  its  growth, 
and  this  would  more  likely  be  upon  elevations.  Upon  such  cotton  have  1  found  the 
first  worms  the  past  two  seasons.  Though  the  question  of  hibernation  is  still  unset-' 
tied.  Professor  Riley's  investigations  have  rendered  it  almost  certaiu  that  it  appears 
maeh  ftarlier  in  the  season  here  tbAit  bad  been  praviouHly  siipv<M*ed.  attd  ba  fall-grown 
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worms  and  ohrysalicles  have  been  fouDd  in  this  latitude — 33^  N. — as  early  as  the 
of  JuDe,  the  prestunption  is  that  diligent  search  would  reyeal  them  still  earlier, 

the  conclusion  is  irresistible  that  they  pass  through  our  winter  in  some  form,  and 

developed  by  the  first  hot  weather,  and  from  thence  continue  their  trtinnfnrmntinma  i^ 
accelerated  or  retarded  by  meteorological  influences,  to  the  end  of  the  season.    Am    j 
know  from  practical  experiment  that  the  temperature  of  the  air  near  the  earth    :i4 
incroabed  by  stirring  damp  or  wet  soil  (see  p.  147,  Patent  Office  Report,  1870),  asxf 
also  by  the  decomposition  of  fertilizable  matter ;  and  as  the  hatching  of  the  eeg    f  g 
depondent  apon  a  certain  degree  of  heat  and  moisture,  I  can  readily  apprehend  boir 
in  early  hot  weather  the  few  eggs  that  may  be  placed  upon  the  plant  may  be  speediTy 
hatched.    In  the  cases  cited,  where  the  worms  appeared  upon  elevations  in  June,  / 
think  it  was  due  to  the  combined  causes  of  artificial  heat  m>m  decomposition  of  fer- 
tilizable matter  and  stirring  damp  soil.    The  difficulty  in  bridging  the  gap  tnm 
March  to  the  first  appearance  of  the  worm  in  cotton,  referred  to  by  Professor  Riley  ia 
Bulletin  No.  3,  p.  28,  may  be  solved  on  the  theory  that  the  worm  is  hatched  out  under 
favorable  circumstances  auring  warm  spells  in  April  and  May,  but  in  such  small  num  ben 
as  not  to  be  noticeable.    If  we  assume  tne  fact  that  they  are  not  hatched  out  until  cotton 
has  attained  a  certain  growth,  and  that  they  will  eat  nothing  but  cotton,  the  question 
may  be  asked.  On  what  does  the  larva  of  the  cotton  moth  feed  that  has  been  ronodon 
peaches,  watermelons,  and  other  fruits  in  the  North,  where  reliable  entomologists  ttj 
they  are  found  t    Later  on  in  the  season,  the  speedy  evaporation  of  dew  and  rain  in 
showery  weather  into  vapor  constitutes  the  tnie  causes  of  ordinary  solar  batching, 
and  I  believe  the  egg  of  Aletia  to  be  as  dependent  upon  atmospheric  conditions  and 
long  terms  of  heat  and  dampness,  such  as  recur  only  at  irregular  intervals  in  this  lati- 
tude, for  its  spread  over  large  areas  as  I  believe  the  germ  of  yellow  fever  tobe  de- 
pendent for  its  production  and  dissemination  upon  similar  causes.    There  are  m  special 
localities  so  many  modifying  agents  as  to  make  it  impossible  to  apply  general  princi- 

Sles  to  all  alike.    Ignoring  this  fact  has  led  to  discrepancies  among  observera  and  a 
iversity  of  theories  to  account  for  certain  observed  phenomena.    Take,  for  instance, 
the  more  frequent  appearance  of  the  worms  in  wet  spots,  and  their  development  there 
in  larger  numbers.     One,  as  Bir.  Davis,  of  Texas,  for  instance,  accounts  for  it  by  sop- 
posing  that  the  presence  of  the  worm  is  due  to  the  absence  of  the  ants,  their  arch  de- 
stroyers.   Others  attribute  it  to  the  luxuriant  and  succulent  condition  of  t^e  plant  as 
furnishing  preferable  food  for  both  moth  and  larve.     Each  one  of  these  views  is 
sustained  by  apparent  facts,  and  yet  all  combined  are  not  sufficient  to  account  satis- 
factorily for  a  pnenomenal  circumstance  which  we  often  witness,  and  which  has  been 
st.rongly  emphasized  by  Dr.  Phares  as  a  remarkable  topographical  feature.    It  is  the 
unexpected  appearance  of  the  worm  in  wet  spots  or  limited  areas  in  such  numbers  as 
to  destroy  the  cotton,  stripping  it  of  all  its  leaves  and  young  bolls,  eating  up  to  a 
line  and  then  disappearing,  where,  as  he  says,  ants  were  on  both  sides  of  the  line  in 
like  numbers  and  the  plant  in  like  condition.    This  striking  feature  has  been  noticed 
by  myself  on  many  occasions,  yet  only  after  the  land  had  been  disturbed  by  the  plow 
while  in  a  wet  condition ;  and'having  tested  by  the  thermometer  the  condition  of  the 
lower  stratum  of  air  after  plowing,  and  having  found  the  temperature  increased 
therebv  from  10^  to  12<^  F.,  and  by  parity  of  reasoning  knowing  that  it  would  be  in- 
creased proportionately  in  damp  soil ;  and  observation  throngh  a  series  of  years  hav- 
ing convinced  me  that  heat*and  dampness  were  the  main  factors  in  the  hatching  pro- 
cess (see  p.  IH,  19,  20,  in  Bulletin  No.  3),  I  have  arrived  at  the  conclusion  that  artificial 
heat  and  dampness,  thus  produced,  hatch  ont  a  larger  number  of  e^gs  than  all  other 
causes  combined,  and  the  reason  why  it  is  not  of  annual  occurrence  in  this  latitude  is 
that  a  high  degree  of  temperature,  alternating  with  showers  and  sunshine,  must  pre- 
vail, and  this  in  only  of  periodical  occurrence.     Farther  South  this  condition  would 
characterize  the  seasons  to  a  greater  or  less  extent,  particularly  along  the  Gulf  coast 
and  luland  up  to  a  certain  degree,  or  so  far  as,  owing  to  geographical  position,  the  ter- 
ritory was  under  the  influence  of  the  warm  tropical  winds  loaded  with  the  moisture 
of  t(he  Gulf.     In  this  more  sontherly  belt,  I  have  no  doubt,  natural  causes  operate  to 
produce  an  annual  crop  of  insects,  as  the  temperature  would  enable  them  to  pass 
through  their  trausformatious  continuously. 

•  The  advocates  of  the  ant  theory  all  likewise  advise  not  to  plow  wet  spots  or  wet 
land,  for  the  reason,  as  tbey  say,  that  by  so  doing  the  ants  are  disturbed  and  de- 
stroyed ;  but,  according  to  my  observation,  there  wul  be  at  an v  time  but  few  anis  fire> 
quentiug  sucb  spots,  and  especially  early  in  the  season  or  befx>re  midsummer  and  by 
midsummer.  If  the  worms  have  been  developed  early  they  will  spread  over  the  ele- 
vated lauils  in  despite  of  the  ants,  though  there  they  most  abound.  Entomoloffists 
have  established  the  fact  that  the  ant  is  in  quest  of  sweets,  though  almost  omnivor- 
ous in  its  appetite ;  and  as  the  cotton  plant  is  infested  with  insects  that  secrete  sweets, 
as  well  as  nectar  producing,  and  as  the  ants  are  always  found  there,  whether  there 
be  any  worms  or  not,  the  conclnsion  is  irresistible  that  a  worm  diet  ia  exoeptiooal, 
and  in  the  aggregate  amounts  to  but  little  in  the  way  of  protection  to  the  crop.  I  have 
watched  the  ants  Hippini^  neciat  from  the  bracts  of  tne  May- pop  flower  as  well  as 
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<»tberSy  but  never  saw  them  attack  an  insect.     T  have  made  it  a  special  object  to  no- 
^ce  the  habita  of  the  different  insects  visiting  the  cotton  flower,  to  satisfy  myself  as  to 
:Srt8repated  nectar  glands,  and  often  observed  bees  especially  visiting  those  at  the 
'^Me  of  the  involucre.    They  invariably  visited  each  gland,  passing  from  ti'^wer  to 
£ower,  and  repeating  the  operation.    The  larger  bees  confined  themselves  to  the  'inter 
^(lands,  while  the  smaller  invariably  went  within  the  flower  and  came  out  loaded  yAth 
]K)Uen.    I  saw  the  Boll  Worm  moth  also  visit  the  outer  glands,  but,  thongh  having 
often  watched,  have  not  seen  the  midrib  gland  visited,  thongh  have  frequently  fo^iaS 
it  filled  with  a  sweet.    The  nectar  glands  have  been  so  fully  and  ably  treated  by  Mr. 
Trelease,  and  the  visits  of  the  moth  to  them  verified  by  Professor  Riley,  as  to  estab- 
lish the  fact  and  reveal  a  new  feature  in  the  natural  history  of  this  interesting  insect. 

In  my  investigation  this  season,  I  had  the  opportunity  of  seeing  the  jute  growing 
in  the  midst  of  cotton.  It  had  been  planted  in  May,  and  when  I  saw  it,  late  in  Au- 
gust, had  attained  the  height  of  8  to  10  feet,  and  was  luxuriant.  The  row,  about  200 
ieet  long,  was  surrounded  by  cotton,  the  row  of  jute  running  parallel  with  the  rows 
of  cotton,  and  the  worms  were  abundant  on  the  cotton  in  the  midst  of  the  jute  and 
touching  their  leaves.    Its  effect  was  nihil. 

Among  the  insects  found  eating  cotton  late  in  August  was  Satumia  to,  the  Corn  Em- 
peror Moth.  It  appeared  in  a  small  field  of  cotton  near  Canton,  and  would  doubtless 
nave  stripped  the  cotton  had  it  not  been  hand-picked  and  destroved.  It  probably 
reached  the  cotton  by  migration,  as  a  garden  adjoined  the  field.  Their  conspicuous 
iise  made  it  an  easy  matter  to  find  them,  and  hence  their  destruction  could  be  easily 
effected  by  brushing  them  off  and  crushing. 

I  have  met  with  but  one  larva  that  I  did  not  recognise  as  having  been  described  by 
other  observers,  and  that  one  I  found  preying  upon  Aletia  larvae  in  the  act  of  pupa- 
tion, and  found  it  so  frequently  as  to  induce  me  to  think  it  quite  destructive  to  tnis 
insect.    This  I  sent  to  the  Department  for  identification. 

The  London  purple  was  tried  under  my  supervision  in  two  ways,  wet  and  dry. 
The  dry  powder  was  mixed  with  cotton-seed  meal  and  flour  in  the  proportion  of  one 
to  thirty,  and  dusted  over  a  small  area,  and  in  a  short  time  the  worms  ceased  to  eat, 
sickened  and  died.  The  dry  process,  without  proper  sifters  or  dusters,  would  be  im- 
practicable over  large  areas,  and  without  proper  dLstribntion  would  prove  injurious 
to  the  plant  and  could  onl/  be  used  to  advantage  while  the  dew  is  on  or  just  before 
a  rain.  Its  effects,  however,  seem  to  be  quite  permanent  as  the  worms  continued  to 
die  for  some  time  after  the  application,  though  showers  continued  to  fall.  The  dry 
application  would  require  greater  precaution  on  the  part  of  the  operator,  and  may 
be  considered  less  safe  than  the  wet.  The  wet  in  the  proportion  of  1  pound  to  40 
gallons  of  water  proved  equally  eficctive,  and  with  a  good  fountain  pump  may  be 
used  without  any  risk.  Atter  the  wet  application  the  worms  continned  to  die  for 
several  weeks,  tnough  several  hard  rains  had  fallen  in  the  mean  time,  and  while  the 
leaves  showed  to  a  small  extent  the  effect  of  the  poison,  the  plant  generally  re- 
tained its  freshness,  while  adjoining  unsprinkled  cotton  was  stripped  bare.  1  think 
the  result  of  these  experiments  will  inspire  confidence  in  the  use  of  poisons  in  this 
locality  and  do  awav  with  much  of  the  prejudice  heretofore  existing  in  reganl  to 
them,  eepecially  as  the  gentlemen,  Smith-Vaniz  Brothers,  upon  whose  plantation  they 
▼ere  made,  are  prominent  members  of  the  County  Agricultural  Club  and  intelligent 
and  skilful  farmers.  As  t<o  London  purple  as  an  insecticide,  in  the  proportions  above 
mentioned,  there  is  no  doubt  of  its  entire  efficacy,  and  as  it  is  both  cheap  and  perma- 
Dent  in  its  operation  it  must  eventually  come  into  general  use.  As  my  opportunities 
for  experiments  with  poisons  this  season  have  been  limited,  I  should  have  occasion 
for  regret  did  I  not  know  that  abler  and  far  more  expert  hands  have  been  engaged  in 
this  work  elsewhere. 

By  direction  of  Professor  Riley  I  have  given  more  attention  to  experiments  with 
pyrethmm  extract  and  yeast.  The  only  preparation  I  could  obtain  was  the  extract 
lumished  me  by  Professor  R.  W.  Jones,  of  Oxford,  and  prepared  by  himself,  and  at  his 
suggestion  I  used  it  in  tjie  proportion  of  one  to  thirty  of  water.  *  This  I  applied  by 
sprinkling  over  the  worms  on  the  plants.  In  several  minntes  after  the  application 
the  younger  worms  ceased  to  eat  and  fell  to  the  ground ;  the  older  ones  cease<l  like- 
wise to  eat,  and  in  three  or  four  minutes  commenced  writhing,  and  in  twenty  minutes 
all  were  on  the  ground,  and  soon  in  a  torpid  couditition  and  apparently  paralyzed. 
As  this  was  done  in  the  afternoon,  I  cannot  say  whether  they  revived  or 'not,  though 
1  found  none  on  the  ground,  and  but  few  on  the  plants.  My  belief  is  that  they  died. 
My  next  experiment  was  upon  a  number  of  large  caterpillars  found  upon  a  rue  plant. 
These,  though  greatly  larger  than  the  Cotton  Worm,  seemed  more  sensitive  to  the 
effects  of  the  pyrethrum,  as  they  showed  great  irritation  at  once,  and  in  a  few  moments 
commenced  writhing,  and  in  five  minutes  all  were  in  a  torpid  state  on  the  ground. 
There  were  twenty  on  the  plant.  On  my  return  in  two  days  I  found  four  on  the 
plant  and  one  dead  on  the  ground. 

My  next  experiment  was  upon  young  and  old  Cotton  Worms,  and,  as  in  the  first  case, 
the  young  snccambfwl  in  a  few  moments,  and  the  older  ones  in  fifteen  minutes,  when 
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they  ceased  writhiog  and  became  torpid  and  apparently  dead ;  snbaeqnent  ezamin] 
tion  proved  all  to  be  dead.  From  repeated  experiments  I  wonld  give  it  as  my  opinio: 
that  the  pyrethmm  when  directly  applied  to  the  ]ary»  wonld  prove  fatal  to  thenc 
but  the  application  wonld  have  to  be  repeated  as  often  as  the  w'orms  appeared,  as  i^fci 
effects  would  be  evanescent,  whereas  that  of  London  purple  is  permanent,  and  wooft^ «« 
prove  fatal  to  one  generation  at  least.  As  the  watery  infusion  or  solution  has  bec^^j^ 
introduced  and  successfully  tested  by  Professor  Riley,  and  the  plant  may  be  rnltiTiili^a  ^ 
by  planters,  and  as  a  good  fountain  pump  would  enable  the  planter  to  spray  his 
at  small  cost,  this  must  become  the  popular  remedy,  especially  as  no  risk  is  inci 
by  the  operator  in  its  use. 

Yeast  is  entirely  negative  in  its  effects. 

Id  m^  observations  I  frequently  saw  clusters  of  Soldier  Bug  eggs  on  the  cotton  Ic 
glistening  in  the  sunlight,  and  made  more  attractive  by  the  rim  of  spines  crownicfe^ 
their  apex.    I  also  met  often  with  the  Aphis  Lion  eggs,  with  their  long  pedestaf 
capped  by  their  fleecy  cones,  and  also  the  eggs  of  the  Lady  Bird. 

The  season  Just  passed  having  been  characterized  by  low  temperature,  and  eacb 
spell  of  wet  weather  by  a  lower  thermometer,  infusorial  and  insect  life  has  been  at 
a  minimum ;  and,  in  fact,  mosquitoes  had  not  proved  annoying  until  late  in  Septem- 
ber, during  a  hot,  damp  spell  of  weather.  This  late  meteorological  change  likewise 
cansed  the  worm  to  spread  over  larger  areas,  and  gave  me  the  opportunity  of  collect 
inff  larffe  numbers  of  chrysalids  of^the  fifth  and  sixth  generations  of  Aletia,  which 
I  SnaM  dispose  of  in  glass  Jars  and  boxes,  in  and  above  the  earth,  so  as  to  test  fairlj 
its  hibernation,  and  in  due  time  will  report  results. 

I  have  the  honor  to  be,  with  high  respect,  yours, 

E.  H.  ANDERSON,  M.  D. 

Prof.  C.  V.  RiLET. 
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Kirk  WOOD,  Miss.,  January  2, 188i 

Sir  :  I  have  the  honor  herein  to  submit  my  report  to  ^u  as  head  of  the  Entomo- 
logical Department,  acting  under  your  instructions  and  in  accordance  with  commis- 
sion as  received  from  Department.  Owing  to  the  advanced  stage  of^the  season  when 
my  work  commenced,  there  was  little  else  left  for  me  to  do  except  watch  the  insect  at 
the  period  of  its  departure  from  the  cotton  fields,  and  concentrate  my  attention  upon 
its  mode  of  hibernation,  and  to  ascertain,  if  possible,  whether  and  how  it  pauses 
through  the  winter  in  this  latitude. 

As  so  many  observers,  both  experts  and  laymen,  have  made  reports  upon  their  on-  . 
successful  efforts  to  find  the  moth  of  Aletia  during  the  winter  months,  I  adopted  the 
plan  of  collecting  chrysalids  and  eggs  and  subjecting  them  to  different  t^^mperatnm 
and  watchins  their  development,  the  results  of  which  plan  will  be  detailed  in  this 
report  to  its  date,  as  has  been  from  time  to  time  substantially  reported  to  yon. 

October  3. — Visited  cotton  field  where  I  saw  larvse  of  all  sizes  and  eggs  in  abund- 
ance on  top  leaves  principally,  one  to  the  leaf  generally,  occasionally  two.  The  in- 
'  sect  now  in  its  fourth  brood.  Ants  observed  to  be  busy  about  colonies  of  Aphides 
and  suckiog  nectar  from  gland  of  midrib  of  leaf.  A  large  portion  of  cotton  bare  of 
leaves,  other  portions  full  leaved,  upon  which  worms  of  all  sizes  are  now  feeding  and 
a  second  top  growth,  the  result  of  recent  showers,  which  will  sustain  next  brood. 
Brought  in  a  lot  of  chrysalids  and  eggs  to  watch  development. 

October  10. — Visited  a  field  where  I  found  that  a  large  proportion  of  the  chrysalids 
of  the  fourth  brood  had  issued  as  moths.  Eggs  abundant^  and  larvsD  of  all  siies. 
Watched  ants,  but  saw  no  new  developments.  Interested  in  seeing  larva  climbing 
its  web,  suddenly  falling  to  the  ground,  as  if  accidentallv,  aeain  ascending  to  the 
plant  on  a  new  web  which  must  nave  been  spun  in  its  fall.  Brought  in  chrysalidfl 
and  eggs.  Have  put  up  box  No.  1,  containing  25  chrysalids ;  No.  2,  glaas  jar,  con- 
taining  23 ;  No.  3,  glass  iar,  a  number  of  eg^s. 

October  11.— Two  moths  appeared  in  No.  1  box;  one  in  No.  2. 

October  12. — Five  moths  in  No.  1 ;  2  in  No.  2. 

On  the  11th  put  up  13  chrysalids  in  box  No.  4,  wire  gauze  top  and  bottom,  one  end 
glass,  balance  wood. 

October  14.— Eleven  moths  in  No.  1 ;  six  moths  in  No.  2. 

October  15. — One  ichneumon  fly,  parasite,  in  box  No.  1. 

Visited  a  field  where  I  found  the  fifth  brood  webbed  up,  principally  in  persimmon 
leaves ;  the  field  was  bare  of  cotton  leaves.  In  last  two  visits  observed  the  larvas  to 
be  much  darker,  almost  black,  on  casual  inspection.  No  ants  or  other  insects  ob- 
served, doubtless  owiug  to  absence  of  food.  This  was  the  field  in  which  the  worms 
appeared  first  in  this  locality  in  considerable  numbers,  and  that  was  about  the  15th  of 
Jnly. 
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Pat  up  a  number  of  chrysalida  in  wixe-gaoze  box  No.  5,  and  also  in  glaas  Jar  No.  6. 

Odolfer  18.— One  motb  out  in  No.  5  box. 

Odober  19.-— Rain.    Temperature,  560  F. 

Oetoher  20.^Two  inotbs  out  in  box  No.  4  (not  Aletia) ;  2  out  in  No.  5;  7  ont  in  No. 
2f  and  1  paraoite.  Temperature  52°  F.,  8  a.  m.  Put  up  10  chryBalids  in  glass  box 
No.  7,  top  and  sides  glass,  bottom  wood.  This  intended  as  a  yivarlum  for  observing 
copnlatinn  and  procreation.  6  p.  m.,  temperature  60°  F.  All  the  above  chrysalids 
were  found  in  leaves  of  Convolvulus,  cotton  stalks  bare. 

October  21. — One  moth  out  in  box  No.  7.  Temperature,  50°  F.,  7  a.  ro.  Put  five  eggs 
on  glass  on  box  No.  1.  Put  up  61  ohrysalids  in  wooden  box  with  wire  gauze  top  No. 
8,  soil  on  bottom,  chrysalids  laid  loosely  on  top  of  soil.    Temperature,  &P  F.    Kjain. 

Oeiober  )i2, — ^Four  moths  out  in  No.  5  and  4  in  No.  7.    Temperature,  66°  F.,  8  p.  m. 

Oetoher  23.— Rain. 

Oeioher  24. — Temperature,  68°  F.,  8  a.  m. ;  1  moth  out  in  No.  4 ;  5  moths  out  in  No. 
5;  6  moths  out  in  No.  7 ;  8  moths  out  in  No.  2. 

Oetdber  25.— Temperature,  48°  F.,  8  a.  m. 

Oeioher  26. — Light  frost;  7  moths  out  in  No.  7. 

October  27. — One  dead  moth  in  box  No.  4.  Temperature,  60°  F.,  a.  m.  Visited  a 
field  where  the  worms  had  stripped  southern  portion,  leaving  a  strip  in  northern  part 
in  full  I'oliage ;  this  strip  skirtea  east  and  west  by  forest.  Found  a  few  chrysalids, 
DO  larvfB,  eggs,  or  moths.    These  chrysalids  were  of  the  lifth  brood.    Rainy  day. 

Oetoher  28. — ^Visited  a  field  with  a  small  area  left  unstripped.  Found  a  few  larves 
foil  grown,  black  color  predominating,  still  feeding  but  languid  in  appearance.  No 
£rash  egffs  found.  Brought  in  a  number  of  chrysalids,  many  of  which  have  not  com- 
pleted their  transformation.  An  inspection  indicates  clearly  that  the  case  is  formed 
from  the  larval  integuments,  the  body  forming  its  own  sarcophagus.  Rain.  Temper- 
ature, 64°  F. 

October  29. — ^Transferred  7  chrysalids  from  box  No.  1  to  No.  3.  Placed  21  chrysalids, 
brought  iu  on  the  27th,  in  box  No.  1.  Fifteen  moths  out  in  No.  5 ;  13  out  in  No.  1. 
Temperature,  64°  F.,  8  a.m. 

Oiiober  31. — Forty  moths  out  in  No.  5 ;  3  out  in  No.  6 ;  8  moths  out  in  No.  7.  Tem- 
perature 58°  F.  Cloudv.  Revisited  a  field  visited  on  the  10th  and  found  but  little 
of  the  second  growth  of  cotton  left.  Found  a  few  larvae  large  and  small  of  the  fifth 
brood,  and  also  a  number  of  fresh  eggs  on  top  leaves,  as  many  as  eight  to  the  leaf,  and, 
in  one  instance,  twin  eggs  twice  on  uie  same  leaf  near  together.  These  I  have  placed 
in  a  glass  bottle,  cutting  the  leaf  into  small  sections,  with  the  ege  as  deposited. 
Aphis  and  ants  quite  abundant.  Only  found  ants  among  colonies  of  Aphides.  Noticed 
that  the  leaves  from  which  the  lice  had  sucked  all  the  juice  of  the  parenchyma,  and 
which  were  about  to  fall,  were  covered  with  lice.  What  becomes  of  toe  lice  when  they 
reach  the  ground  t 

Noffcmher  1. — Visited  two  fields  where  there  is  yet  considerable  foliage ;  searched  for 
larva»  and  eggs  of  Beliothia  armigera^  but  found  none,  and  no  indications  of  their  pres- 
ence, though  green  and  young  bolls  were  abundant.  Brought  in  a  few  eggs  and  chrys- 
alids of  Aletia.    Temperature,  68°  F.    Clear. 

November  2. — Sixty  moths  out  in  No.  5.  These  were  put  up  on  the  15th,  and  have 
developed  more  rapidly  than  others.  Moths  in  No.  7  (vivarium)  depositing  eggs. 
Temperature  64°  F.,  8  a.  m.;  weather  clear.  As  the  weather  becomes  cooler,  have 
noticed  the  tendency  of  the  motba  to  crowd  together. 

November  3. — ^Visired  a  field  of  fresh  land  cotton  where  I  found  northeast  comer  not 
eaten  by  the  worm,  the  rest  of  the  field  bare.  The  leaves  uibble<l  here  and  there  and 
fresh  and  full  of  chrysalids ;  no  fresh  eggs.  Found  a  few  full-grown  larve  feeding. 
Searched  diligently  for  Heliothis  and  examined  a  number  of  young  and  grown  bolls, 
but  found  no  eggs  or  perforations  in  the  bolls  or  any  sign  whatever.  No  lice  or  ante 
were  observed  on  this  cotton.  Temperature  43°  F.,  7  a.  m.  Brought  in  a  number  of 
chrysalids  and  a  lot  of  larvaB. 

In  regard  to  Heliothis  I  may  remark  that,  probably  owing  to  drought,  they  have  done 
no  damage  to  cotton,  and  my  inability  to  find  them  is  owing  to  the  tact  of  its  desertion 
of  cotton  for  other  vegetation  more  succulent.  I  am  at  this  date-  gathering  green  to- 
matoes and  find  a  large  proportion  perforated  by  Heliothis  and  many  ruined,  so  that  in 
several  bnsh<*ls  Hose  a  fifth  or  sixth,  say  about 20  per  cent.  My  opinion  is  that 
we  have  here  but  four  broods  of  Heliothis  annually,  first  in  com,  second  and  third  in 
cotton,  and  last  in  garden  and  other  vegetation. 

-yor«iafter4.— Temperattfte  34°  F.,  7  a.  m.  On  visiting  my  garden,  examined  a  cot- 
ton stalk  in  full  foliage  at  the  end  of  a  tomato  bed  and  fo.nnd  Aletia  eggs  on  many 
of  the  top  leaves  and  found  two  on  outeide  of  involucre.  On  one  leaf  found  as  many 
as  eight  eggs,  two  side  by  side  in  close  proximity.  Found  also  a  young  boll  which 
had  been  perforated  by  a  Boll  Worm,  but  found  no  larva  or  egg  on  the  stalk.  Found 
two  ffeliothie  armigera  on  tomato,  one-half  buried  in  the  fmit;  these  I  sent  you. 
The  frost  has  been  a  nipping  one. 

Found  moths  in  box  No.  5  crowded  together  and  many  in  a  torpid  oondition  that 
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Hnliseqnently  revived.    Sent  yon  a  number  of  chrysalids  and  larva&bronght  in  ontbi 
3d  instant. 

November  5. — Temperature  48°  F.,  7  a.  m.    Transferred  44  moths  from  box  No.  5 
box  No.  7.     Eggs  now  being  deposited  all  over  box  (glass)  No.  7. 

Made  box  No.  9  without  bottom.  Loosened  the  earth  so  aN  to  bring  it  into  the  con 
dition  of  an  ordinary  fresh  land  cotton  bed ;  sunk  the  box  2  inches.  This  will  giv 
normal  enrth  temperature  ;  nailed  a  board  over  a  part  of  the  top  to  protect  from  rai 
in  order  to  aflford  hibernating  shelter  for  the  moth ;  over  the  rest  of  the  top  tacked 
piece  of  coarse  cloth  for  protection  and  to  secure  mothSf  thningh  which  rain  wil 
percolate,  and  where  I  shall  place  sweets.  All  under  rough  cover  constructed  for  th< 
purpose.  Placed  in  this  box  90  chrysalids  brought  in  on  the  MX,  This  is  done  in  imi 
t-ation  of  nature. 

Put  under  same  shelter  box  No.  10.     This  is  a  shallow  box  filled  to  within  2  inch 
of  the  top  with  loose  soil,  top  arranged  as  last.    This  has  a  wooden  bottom,  but  wooc^ 
being  a  bad  conductor  would  modify  temperature.    Put  into  this  140  chrysalida^ 
which  will  be  treated  as  last  box.    These  boxes  afford  an  excellent  t«8t  for  hibem^ — 
tion  of  the  moth.     In  cutting  up  tomatoes  six  Boll  Worms  (Heliothis)  were  met  witk, 
which  were  sent  to  you.    Being  found  in  the  fruit,  flagrante  deUcto,  settles  the  ques- 
tion of  its  feeding  upon  other  plants  or  fruit  than  cotton.    Visited  a  cotton-field  an<] 
found  the  green  cotton  uninjured,  though  on  the  day  before  the  temperature  was  32^ 
F.,  but  not  of  sufficient  duration  to  produce  ice  and  destroy  vegetation.     Brought  in 
eggs,  larvsB,  and  chrysalids.    No  sig^s  of  Heliothis. 

Novemher  6. — Temperature  56°  F.    Rain. 

November  7. — Cloudy  and  misty:  temperature  50°  F.,  9  a.  m.  One  dead  moth  In 
No.  7.  Temperature,  at  1  p.  m.in  the  sun,  varied  from  74°  to  84°  F. ;  clear  and  cloudy 
alternately. 

November  8. — Sent  you  a  box  containing  Heliothis  chrysalids  and  larvse  (Aletia). 
Rain  p.  m. 

November  9. — ^Put  in  flower-pot  3  larvffi  (Heliothis)  in  tomato,  and  one  in  cotton  bolL 
Introduced  60  Aletia  chrysalids  into  box  No.  4,  gathered  on  3d  instant.  Put  in  box 
No.  11, 60  chrysalids,  gathered  on  same  date,  wooden  box,  glass  top,  to  be  kept  in 
house.  Put  in  gauze  bag,  wooden  bottom,  76  chrysalids,  gathered  27th  ultimo. 
Temperature  56°  F.,  1  p.  m. ;  rain^  and  raw. 

November  10. — Cloudy  and  foggy;  temperature  62°  F. 

November  \l, — Cloudy  and  fosgy ;  temperature  66°  F.*  Rainy  day.  Visited  a  field 
in  which  I  found  fresh  chrysalids  and  larvse.  Foliage  abundant.  East  side  of  field 
protected. 

November  12. — Introduced  18  fresh  chrysalids  into  box  No.  1.  Temperature  56°  F., 
7  a.  m. 

November  14. — ^Temi>erature  40°  F.,  6  a.  m. ;  clear;  wind  north.  Eleven  moths  in 
No.  4 ;  12  dead  moths  in  No.  5 ;  3  moths  in  No.  1 :  13  in  No.  11 ;  13  dead  moths  in  No.  7. 
Visited  a  field  of  late  cotton,  where  I  found  foliage  fresh  and  partially  nibbVed  by 
the  worm.  Found  a  few  young  bolls  perforated,  the  first  evidence  of  Heliothis  in  my 
search  this  fall  in  cotton;  the  field  a  small  one,  contiguous  to  a  garden.  Found  a  few 
Aletia  chrysalids;  no  eggs  or  larva).  Aphides  clustered  in  colonies  within  the  in- 
volucre chiefly,  and  dark  in  color. 

November  15. — Temperature  42°  F.,  6  a.  m.  Clear.  Wind  north.  Visited  a  field 
where  the  foliage  begins  to  show  the  effects  of  frost.  Found  a  few  chrysalids  freshly 
folded :  no  larvse  or  eggs.  Found  also  a  few  young  bolls  eaten  into,  but  whether  by 
Heliotnis  or  other  insect  am  unable  to  say.  The  forms  were  not  flared  as  usual.  No 
other  signs  of  Heliothis.  Aphis  and  many  other  insects,  especially  Lady  Birds,  found 
well  secreted. 

November  16. — Temperature 46°  F., 8  a.  m.  Visitetl  afresh  field.  Found  it  partially 
eaten  bv  the  Cotton  Worm ;  leaves  green  and  frosh.  No  larvsD  or  eggs  to  be  found. 
Fresh  chrysalids  abundant  and  moths  issuing  therefrom.  This  is  probably  the  sixth 
brood,  and  is  certainly  the  last  to  appear  in  cotton.  Brought  in  a  number  of  chrys- 
alids. 

November  17. — Temperature  58°  F.,  8  a.  m.  Wind  south.  Introduced  25  fresh  chrys- 
alids in  box  No.  5.  Removed  6  dea<l  moths  from  same.  Transferred  16  moths  from 
No.  5  to  No.  7.  Introduced  25  fresh  chrysalids  into  box  No.  4.  Placed  these  two 
boxes  under  shelter,  with  boxes  Nos.  9  and  10  on  the  ground.  Placed  bottles  with 
eggs  under  same  shelter,  on  the  earth,  inverted.  Visited  cotton-field  and  found  1  fresh 
egg. 

Novemher  18. — Temperature  76°  F.,  1  a.  m.  Removed  5  dead  moths  from  box  No.  7 ; 
5  from  No.  11 ;  20  moths  in  No.  11 ;  12  moths  in  No.  1 ;  4  dead  moths  in  No.  1.  Vis- 
ited a  field  of  late  fresh  land  cotton.  Found  fre^  eg^  of  Aletia,  as  many  as  7 
on  a  leaf.  In  my  glass  box  No.  7  the  eggs  are  deposited  indiscriminately  upon  glass, 
cotton  leaves,  stalks,  and  forms. 

November  19. — Temperatute  46°  F.,  12  m.     Wind  northwest.     Rain. 

November  20.— Temperature  30°  F..  6  a.  m. 
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November  21.— Temperatnro  42°  F.,  6  a.  m. ;  4  moths  in  No.  1 ;  12  dead  in  No.  1 ;  few 
dead  in  No.  11 ;  11  moths  in  No.  11 ;  7  dead  in  No.  7.  Visited  a  field  of  fresh  land 
cotton,  where  the  foliage  was  partially  frost-bitten  bat  much  still  fresh.  Fonnd  one 
egg,  recently  deposit^,  and  some  chrysalids.  Few  insects  noticeal>]e.  Placed  7 
oEresalidfl  in  No.  11.    8ent  yon  3  boll  worms  (Heliothis),  taken  from  tomato. 

iforember  22. — Tempera tnre  42^  F.,  9  a.  m.     Eaw  and  rain.    No  development. 

November  23. — Temperature  A29  F.,  9  a.  m.    Eaw  and  rain.     Moths  torpid. 

November  24.— Temperature  28°  F.,  8  a.  m.     Freezing  and  clear. 

November  2S>. — Temperature  20°  F.,  7  a.m.  Freezing  and  clear.  Visited  a  field. 
Found  the  plant  in  too  unsatisfactory  a  state  to  make  any  examination,  the  effeot  of 
the  severe  freeze  of  previous  night. 

November  26. — Temperature  3(P  F.,  8  a.  m.    Wind  north. 

November  28. — Temperature  40°  F.,  8  a.  m.  Wind  north.  Eemoved  20  dead  motha 
from  box  No.  7.  Introduced  40  chrysalids  into  same,  brought  in  on  2l8t  instant. 
Moth  in  a  torpid  condition. 

Put  up  80  chrysalids  in  box  No.  12,  brought  in  on  21st  instant.  Eemoved  4  dead  moths 
from  No.  6 ;  '2  moths  out  in  No.  8 ;  20  dead  moths  removed  from  No.  5 ;  19  dead 
from  No.  4.  Sprinkled  dry  earth  one-fourth  of  an  inch  thick  over  chrysalids  in 
these  two  boxes  and  replaced  them  on  the  earth.  No  development  in  boxes  Noa.  9 
and  10. 

On  close  examination  at  1  p.  m.  found  the  moths  supposed  to  be  torpid  all  dead. 
Bemoved  36  from  No.  4 ;  2  from  No.  1 ;  12  from  No.  11 ;  32  from  gauze  bag. 
Not  a  moth  in  any  of  my  boxes  living  or  dead.  Temperature  at  1  p.  m.  64°  F. 
Moths  living  and  in  motion  on  the  21st,  and  supposed  to  be  Mving  for  some  days 
subsequently,  as  they  did  not  change  their  natural  position,  were  all  killed  doubtless 
by  the  freeze  of  the  25th  instant.  This  would  indicate  that  the  moth  cannot  survive 
a  temperature  below  15°  or  20°  F. 

In  regard  to  copulation,  from  my  observation,  it  is  carried  on  most  actively  at  twi- 
light. When  observing  my  vivarium  by  lamp-light  I  have  witnessed  no  demonstra- 
tion in  that  line.  As  eggs,  however,  are  abundantly  laid  on  the  glass,  leaves,  and 
stalks  of  cotton,  and  the  wooden  sides  of  my  boxes,  procreation  must  go  on  normally. 

November  29. — Brought  in  some  chrysalids,  found  on  Convolvulus  leaves,  where  the 
vine  ran  on  a  oe<lar  tree  in  a  cotton-field.  They  appear  to  be  sound.  Put  up  in  glass 
bottle  No.  13. 

November  30.— Temperature  63°  F.,  8  p.  m.  Wind  southwest.  Eain.  Visited  a  field 
where  I  found  chrysalids,  to  all  appearance  unafifected  by  recent  cold  weather.  Sent 
aome  of  these  to  Professor  Eiley. 

December  1. — Temperature  44°  F.,  7  a.  m.    Wind  north.    Clear.    Boxes  unchanged. 

December  2.— Temperature  38°  F.,  7  a.  m.    Wind  north.    Clear.    Boxes  unchanged. 

December  3. — ^Temperature  56°  F.,  9  a.  m.    Cloudy.    Wind  north. 

December  5. — Temperature  44°  F.,  7  a.  m.    Clear.    No  change  in  boxes. 

December  6. — Temperature  44°  F.,  7  a.  m.    Wind  south.    Partly  clear. 

December  7. — Temperature  44°  F.,  7  a.  m.    Wind  southwest.    Partly  clear. 

December  8. — Temperature  42°  F.,  7  a.  m.    Cloudy.    Wind  north. 

December  9. — ^Temperature  42°  F.,  7  a.  m.     Cloudy.    Wind  north. 

December  10. — ^Temperature  42°  F.,  7  a.  m.     Clear.  '  Wind  north. 

December  II. — ^Temperature  44°  F.,  7  a.  m.    Cloudy  and  mist.    Wind  south. 

December  12. — Temperature,  55°  F.,  8  a.  m.     Wind  8.    Cloudy.    Boxes  unchanged. 

December  13.— Temperature,  62°  F.,  8  a.  m. "  Wind  8.    Misty.    Thunder  at  night. 

December  14.— Temperature,  60°  F.,  8  a.  m.     Wind  NW.    Drizzling  rain. 

December  15.— Temperature,  30°  F.,  8  a.  m.     Wind  N.    Clear. 

December  16.— Temperature,  30°  F.,  8  a.  m.     Wind  N.   Clear. 

December  17. — ^Temperature,  32°  F.,  8  a.  m.    Wind  N.     Clear. 

Transferred  box  No.  11  to  my  room,  where  a  warm  temperature  is  maintained. 

December  18.— Temperature,  44°  F.,  7  a.  m.    Infusorial  life  active  about  sunset. 

December  19.— Temperature,  54°  F.,  7  a.  m.      Wind  SE.     Cloudy.    Eain. 

/)0C0m6er  20.— Temperature,  64°  F.,7a.m.      Wind  S.    Eain. 

December  21.— Temperature,  60°  F. ,  7  a.  m.     Wind  W.     Drizzle. 

Examined  my  boxes  closely ;  chrysalids  apparently  sound.  The  temperature  has  not 
been  high  enough  to  effect  transformation  into  moth. 

DeeeiAer  22.— Temperature,  38°  F. .  8  a.  m.    Wind  N.    Clear. 

December  23.— Temperature,  35°  F.,  7  a.  m.     Wind  N.     Cloudy. 

December  24.— Temperature,  .37°  F.,  8  a.  m.    Wind  N.     Cloudy. 

Examined  Mallow  leaves  and  found  Aphides  living. 

December  25.— Temperature  44°  F.,  8  a.  m.     Wind  8W.     Cloudy 

December  26.— Temperature,  50°  F.,  8  a.  m.     Wind  NW.  Driszle.* 

December  27.— Temperature,  42°  F.,  8  a.  m.    Wind  W.    Clear. 

December  28.— Temperature,  52°  F.,  8  a.  m.    Wind  8W.    Clear. 

December  29.— Temperature,  48°  F., 8  a.  m.     Wind  N.    Clear. 
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December  30.— Temperature,  40°  F.,  8  a.  m.     Wind  W.    Clear. 

One  parasite,  Pimpla  oonquieitotf  in  box  No.  11. 

December  31.— Temperature,  45°  F.,  8  a.  m.    Wind  W.    Clear. 

To  summarize :  Have  placed  in  box  No.  1, 54  chryBalids.  Transferred  9  to  No.  31  box. 
Twenty-seven  came  out  as  moths  and  one  parasite,  leaving  17  chrysalids  in  that  box, 
which  on  last  night  was  upset  by  a  wind  and  contents  lost. 

In  No.  2,  glass  Jar,  placed  23  chrysalids.  Eight  have  issued  as  moths  and  one  a 
parasite,  leaving  14  chiysalids. 

In  No.  3,  glass  Jar,  a  number  of  eggs.  These  have  become  darker,  but  otherwise  ap- 
pear to  be  unchanged. 

In  box  No.  4  p&ced  13  chrysalids  on  October  12.  On  November  9  introduced  60 
chrysalids,  making  aggregate  73.  Introduced,  November  17,  25  chrysalids,  making 
sum  total  98.    Riemoved  19  dead  moths  November  28,  leaving  79  chrysalids. 

Placed  a  number  of  moths  in  box  No.  5  on  October  15.  Of  this  lot  60  moths  were 
out  by  November  2.  On  November  17  introduced  25  chrysalids.  On  November  28 
removed  20  dead  moths,  leaving  a  number  of  chrysalids.  There  was  no  development 
in  the  last  25  chrysalids  placed  in  the  box. 

Put  up  a  number  of  chrysalids  in  glass  Jar  No.  6  October  15 ;  3  moths  came  out  by 
Slst;  4  dead  moths  removed  on  November  28.  No  further  developments.  Put  up 
101  chrysalids  in  No.  7  glass  box  (vivarium),  October  20.  Theee  developed  int-o  motlu 
slowly  up  to  November  3,  when  they  commenced  to  die,  and  all  were  dead  on  the 
November  28,  when  I  introduced  40  fresh  chrysalids.  At  this  date,  January  2,  1882, 
some  of  the  eggs  retain  their  green  color,  while  with  the  larger  number  the  color 
is  slightly  darker  brown.  From  my  observation,  this  as  well  as  previous  seasons,  and 
from  the  di£Bculty  of  procuring  nectar  by  the  last  brood  of  moths,  and  their  conse- 
quent ill  condition  for  hibernation,  I  conclude  that  Aletia  is  to  be  classed  with  that 
lamily  of  moths  that  do  not  hibernate  as  imago. 

October  21,  put  up  61  chrysalids  in  box  No.  8.  No  development  in  this  box  until  8 
dead  moths  were  discovered  in  it  on  November  28.  It  remains  in  9iaiu  quo,  November 
5,  arranged  box  No.  9  and  placed  in  it  90  chrysalids.  There  has  been  iu  thi«  box  no 
development  to  this  date,  January  2,  1882. 

Same  date,  arranged  box  No.  10  and  placed  in  it  140  chrysalids ;  no  development  in 
this  box  to  date.  The  three  last  boxes,  Nos.  8, 9,  and  10,  have  been  placed  where  they 
have  been  subjected  to  atmospheric  conditions,  and  have  been  kept  damper  than  thoae 
in  the  house,  and  consequently  the  transformation  of  the  chiTsalids  has  been  retarded. 

On  November  9  put  in  box  No.  11,  60  chrysalids ;  on  November  18  there  were  20  liviiur 
moths;  on  November  21,  10  dead  and  11  living;  on  November  28  all  moths  dead;  S 
chrysalids  left  iu  box ;  on  November  30,  1  ichneumon,  Pimpla  oonquieitor.  On  Novem- 
ber 28  put  up  in  box  No.  12,  80  chrysalids,  brought  in  on  November  21.  No  devel- 
opment to  date ;  chrysalids  looking  fresh  and  sound. 

On  November  29  put  up  in  glass  bottle  No.  13,  same  date,  a  few  chrysalids.  No  de- 
velopment ;  chrysalids  looking  sound.  There  has  been  an  exceptional  absence  of  par- 
asites this  season.     I  shall  expect  a  larger  proportion  fix>m  the  chrysalids  on  band. 

By  a*  review  of  my  report  you  will  perceive  that  I  have  a  large  number  of  chrysalids 
subjected  to  various  temperatures  and  conditions,  such  as  to  afford  a  good  test  for 
ascertaining  whether  and  how  Aletia  hibernates  or  survives  the  winter  iu  this  lati- 
tude. 

I  shall  likewise,  in  due  time,  report  to  you  upon  the  Mai  vaceous  family  of  plants  in 
this  locality,  furnishidg  you  with  list  of  same,  and  list  of  those  of  the  State,  as  far  ss 
lies  in  my  power,  and  will  prosecute  search  for  Aletia  larva  in  same. 

Hoping  that  my  researches  may  prove  of  some  interest  to  the  Department,  and  de- 
siring H  continuance  of  the  work,  I  have  the  honor  to  be, 
Yours,  truly, 

E.  H.  ANDERSON,  M.  D. 

Prof.  C.  V.  RiLET. 


I 


REPORT  FOR  1882. 

KiRKWOOD,  Mi88.,  October  16,  1882. 

Sir  :  I  have  the  honor,  by  virtue  of  my  commission  from  the  Department,  to  make 
to  you  the  following  report  of  my  work,  under  your  instructions,  for  the  quarter  end- 
ing September  30, 1882. 

It  must  to  a  great  extent  appear  to  you  a  recapitulation,  as  I  have  firom  time  to 
time  forwarded  you  reports;  but,  by  your  request,  embody  the  whole  time  in  the  re- 
port now  submitted,  with  a  voluntary  supplementary  report  up  to  this  date,  October 
16,  1882. 

Id  my  viiiits  of  obaervation,  from  the  1st  to  the  8th  of  July,  found  cotton  from  15 
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inchM  to  3  feet  m  height  and  growins  laxnriantly,  the  preceding  month  haYins 
been  of  high  temperatare  and'aeaeonahle,  and  oonaeqnently  favoraDle  to  the  growtn 
and  cultivation  of  the  plant.  I  found  Aphis  ahnndant  in  spote,  but  not  generally  so. 
Ante  in  nanal  nnmbers,  and  chiefly  among  colonies  of  Aphis.  Foond  a  few  forms  cast 
from  shedding,  bnt  no  evidence  of  either  Aletia  or  Heliothis.  On  the  8th  a  chrysalis, 
wrap]>ed  np  in  a  leaf,  was  found.  Between  this  and  15th,  Heliothis  was  found  at 
worK  in  the  young  forms  and  bolls,  so  few,  however,  as  to  rec^uire  diligent  search  to 
find  it.  It  was  less  observable  on  corn  than  usual  up  to  this  time.  The  grass  worm, 
tbionghont  the  month,  was  abundant  in  grassy  fields,  both  upon  crass  and  yonng 
cotton  and  com,  destroying  all  in  many  instances,  and  not  confined  to  bottom,  but 
appearing  on  hillsides  as  well.  No  other  development  of  interest  until  the  24tb, 
when  a  full-grown  Aletia  larva  was  brought  in  from  the  field,  which  passe<l  into 
chrysalis  and  emerged  August  4. 

Through  correspondence  learned  that  larvffi  three  and  four  days  old  were  discov- 
ered near  Canton,  same  date ;  other  larvffi  seen  here  about  same  time.  Heliothis  also 
seen  flying  about.  Noticed  Aphis  upon  okracontiffuous  to  cotton  in  same  numbers  as 
on  cotton ;  also  circular  perforations,  apparently  the  work  of  a  cotton-leaf  worm. 

Have  looked  carefully  after  plants  of  Bialva  family  during  spring  and  summer,  but 
80  far  have  seen  no  trace  of  Aletia. 

A  notable  fact  ha9  been  the  sudden  disappearance  of  the  Qrass  Worm  after  a  heavy 
rain.  I  have  often  noticed  that  Aletia  does  not  appear  in  considerable  numbers  dur- 
ing a  spell  of  wet  weather,  whether  stormy  or  not,  and  believe  that  such  heavy  rains 
ss  we  have  had  recently,  by  lowering  the  temperature  and  washing  them  off*,  would 
retard  their  progress. 

The  mean  temperature  has  been  10^  Fahr.  loss  than  that  of  June.  Facts  so  far 
would  seem  to  indicate  that  Aletia  had  struggled  through  in  some  form  from  its  de- 
parture last  fall  until  its  advent  this  summer. 

Continued  my  visits  to  different  fields  of  cotton  to  watch  progress  of  both  Aletia 
and  Heliothis.  Found  very  few,  though  every  field  has  had  its  quota.  Atmospheric 
conditions  have  not  been  favorable,  or  else  the  third  brood  would  be  easily  discover- 
able, if  not  damaging.  The  mean  temperature  has  been  much  lower  than  usual, 
ranging  from  7(F  to  82^  Fahr.  Have  had  frequent  showers  throughout  the  month,  suc- 
ceeded Dy  cool  spells,  northwest  and  north  winds  prevailing,  and  hard  rains  on  23d, 
34th,  and  25th,  lowering  temperature. 

Heliothis  has  been  at  work,  bnt  to  a  less  extent  than  usual.  Noticed  its  absence  in 
early  com,  and,  in  fact,  could  find  no  sign  of  it  in  the  first  planting,  though  the  Grass 
Worm  was  much  more  abundant  than  usual.  In  the  com  planted  in  May  it  (Helio- 
this) Is  now  out  in  full  force ;  in  fact,  in  a  email  field  of  my  own,  planted  in  May  and 
now  in  milk  staffe,  it  may  be  found  in  every  ear,  and  has  done  considerable  damage. 
On  the  15th,  while  walking  at  dusk  along  a  field  of  cow-peas,  where  I  had  gathered 
a  crop  of  early  com,  I  noticed  numbers  of  a  small,  gray  moth  in  the  grass  and  a  like 
number  of  Heliothis  about  the  peas.  I  have  repeated  my  visits  since,  and  from  the 
numbers  of  moths  and  larvss  found  there  have  come  to  the  conclusion  that  it  relishes 
that  food  as  well  as  corn  or  cotton ;  and  it  has  suggested  to  me  that  by  planting  an 
early  crop  of  com  and  a  crop  of  peas  in  the  com,  so  timing  the  planting  that  the  peas 
shall  be  in  bloom  about  the  time  the  com  hardens,  and  planting  a  later  crop  of  com 
and  peas,  so  as  to  furnish  food  for  the  season,  Heliothis  would  be  kept  out  oi  the  cot- 
ton. Suggestions  as  to  com  have  been  made  by  others  (see  pages  312, 313,  Report  on 
Cotton  Insects,  1879),  bnt  inasmuch  as  the  pea  crop  continues  to  bloom  and  makef^uit 
BO  much  longer  than  com  it  would  furnish  food  for  the  whole  season. 

I  shall  watch  my  crops  of  peas  in  reference  to  Heliothis,  and  will  report  to  you  the 
results. 

Received  the  pyrethmm  the  22d,  and  made  my  preparations  by  adding  1  ounce 
pyrethrom  to  10  of  flour  and  1  to  30  of  hot  water.  I  used  hot  water  to  make  a  decoc- 
tion, as  recommended  by  Professor  Hilgard,  and  to  prevent  fungus,  as  referred  to  by 
Mr.  Sohwarz,  when  made  with  cold  water,  thinking  the  heat  would  destroy  the  fhn- 
gns  ^rm.     will  try  it  likewise  with  cold  water. 

Tned  the  dry  preparation  on  grown  and  young  Boll  Worms  on  the  24th.  The  pow- 
der was  apparently  slow  in  having  any  effect,  Oioo^h  it  seemed  to  stupefy  the  older 
worms,  while  putting  the  ^ounser  in  a  torpid  condition.  I  allowed  them  to  remain 
twenty-four  hours,  sprinkling  the  powder  neavily  upon  them  and  the  leaves,  inclosed 
in  a  small  bottle,  when,  on  examination,  I  found  the  small  ones  dead  and  the  lar^r 
active.  The  infdsion  soon  put  the  larger  ones  to  writhing^,  the  smaller  remaining 
torpid  and  quiet.  In  an  hour  the  larger  and  intermediate  size  commenced  crawling, 
when  I  reapplied  the  solution  and  they  again  became  torpid  after  writhing  a  few 
moments,  and  died  in  thirty-six  hours.  On  the  25th  brought  in  a  fresh  supply  of 
worms,  and  after  addin^p  ^  an  ounce  of  pyrethmm  to  each  preparation,  applied  the 
dry  to  a  lot  of  Boll  Worms  of  various  sizes,  all  of  which  were  soon  under  its  influ- 
ence, writhing  and  becoming  torpid,  the  smaller  soon  killed  outright,  the  lar^r  and 
lull  grown  succumbing  in  firom  two  to  three  hours.    The  result  with  the  solution  was 
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similar  bnt  rather  more  epeedy,  as  all  were  dead  in  a  few  hours.  Placed  some  of  the 
worms  in  a  qniniDe  bottle,  recently  emptied,  and  three  yoang  worms  died  in  a  fev 
minutes.  Tried  a  solution  of  qurnine,  1  ^rain  to  1  ounce  of  water,  2  minimwof  elixir 
of  vitriol.    This  seemed  to  worry,  but  did  not  kill. 

26th.  Applied  the  infusion,  when  they  soon  commenced  writhing  and  then  became 
torpid ;  ate  nothing ;  but  found  three  alive  on  the  28th,  one  very  large,  the  other  two 
middle  size  Made  another  application  of  this  infusion  prepared  on  the  22d,  which 
still  appears  to  be  strong,  but  shows  plainly  fungus.  Made  fresh  solution  with  cold 
water,  1  to  30 ;  applied  that  to  8  caterpillars,  Heliothis,  all  sizes.  Have  alao  applied 
powder  made  on  22d,  to  a  lot,  all  sizes.  The  powder  is  kept  in  a  box  tightly  stoppered. 
Have  reviewed  circular  in  reference  to  pyrethmm,  issued  by  the  Department  last 
year.  Will  here  mention  that  I  planted  the  seed  with  care,  as  other  annuals,  but 
while  they  gT(  w  luxuriantly  but  three  of  the  pyrethrum  seed  germinated,  and  event- 
ually died  out,  owing  }>erhaps  to  too  much  wet.  If  the  Department  will  send  me  a 
paper  of  seed  this  fall  or  next  spring,  I  will  plant  them  on  a  bluff  near  my  spring, 
where  it  is  rooky  aud  dry,  with  a  loamy,  sandy  soil,  and  where  there  is  shade  enough 
to  protect  f^om  heat  in  summer.  This  will  approximate  to  some  extent  its  natiye 
habitat. 

29th.  On  examining  the  three  worms  to  which  the  solution  was  applied  yesterday, 
found  the  two  smaller  dead,  the  larger  one  alive.  Of  the  eight  to  whion  the  fresh  sola- 
tion  was  applied  found  the  four  smaller  dead,  the  larger  one  living.  Of  the  six  to  which 
the  powder  was  applied,  after  temporary  writhing,  they  became  torpid,  bnt  found  all 
alive.  Have  reapplied  iMth  powder  and  solution.  All  cease  to  eat  after  making  any 
application. 

3dth.  Found  all  to  which  the  application  was  made  yesterday  dead  except  one 
large  one.    Applied  solution  to  anotner  lot  after  nooQ. 

31st.  Found  my  caterpillars  apparently  tmaffected  by  the  application  of  yesterday. 
Have  applied  to  them  cold  infusion  made  with  cold  water,  1  to  24.  Brought  in  s 
fresh  lot,  to  which  I  have  applied  fresh  solution,  and  also  powder  prepared  with  fresh 
ashes,  1  to  8.  Am  satisfied  that  Heliothis  is  tougher  and  less  sensitive  to  applioationft 
than  Aletia,  and  requires  a  stronger  preparation.  The  ashes  would  recommend  itself 
on  account  of  cheapness,  and  can  be  manipulated  better,  and  as  an  alkali  would  tend 
to  check  fungus,  in  regard  to  solution,  would  think  hot  water  better  than  cold,  bat 
when  immediately  used  it  would  make  no  difference,  as  the  powder  mixes  as  well 
with  one  as  tlie  other. 

The  above  experiments  were  made  as  a  necessary  preliminary  to  my  field  opera- 
tions, as  I  was  unacquainted  with  any  results  with  pyrethrum  upon  the  Boll  Worm. 

From  the  number  of  Heliothis  now  in  late  com,  I  infer  considerable  damage  from 
them  in  the  late  cotton.  Atmospheric  conditions  since  the  20th  of  August  have  been 
far  more  favorable  for  insect  life  than  previously,  yet  the  temperature  remains  low  for 
the  season,  about  76°  F.  mean  temperature,  range  from  70°  to  82°  F.  Aletia  has  made 
slow  progress,  but  is  observable  now  everywhere. 

September  1.  The  worms  to  which  the  cold  infusion  was  applied  yesterday  were 
found  (juict  morning,  all  dead  afternoon.  Those  to  which  the  powder  was  applied 
also  died  within  thirty-six  hours;  applied  same  powder  to  another  lot. 

September  2.    Found  them  quiet  but  alive  this  morning. 

In  continuing  my  report  for  this  month,  will  state  that  the  weather  in  the  early 
part  of  the  month  was  very  unfavorable  for  field  work,  owing  to  rains;  and  owing  to 
meteorological  and  other  causes,  Heliothis  could,  only  with  difficulty,  be  fennd  in 
cotton  at  all.  I  traversed  field  after  field  of  cotton  in  search  of  it,  with  a  view  to 
commence  experiments,  but  could  nowhere  find  them  in  any. number  that  woold 
warrant  experiments  for  practical  use.  As  an  evidence  of  their  scarcity  I  will  men- 
tion that  I  counted  along  two  parallel  rows,  one  hundred  and  five  stalks  of  cotton, 
very  luxuriant  and  in  bottom  land,  full  of  forms  and  bolls,  and  found  but  one  small 
Boll  Worm  and  two  small  bolls  punctured.  This  furnishes  an  average  of  many  exam- 
inations made  with  care.  It  is  a  common  remark  made  by  planters  in  my  locality 
that  * '  there  are  no  Boll  Worms  this  year.*'  Had  I  not  examinea  com  would  mave  come 
to  the  same  conclusion.  My  observation  this  season  would  certainly  lead  me  to  the 
conclusion  that  com  is  its  preferred  food,  for  nowhere  have  I  examined  com  in  the 
milk  stage  without  finding  one  or  more  in  every  ear. 

SeptenXer  14.  Examined  a  field  of  luxuriant  cotton,  rows  running  parallel  with 
corn.  Found  no  Boll  Worms  in  cotton,  but  one  in  every  ear  of  corn.  They  were 
full  grown.  On  examining  hard  com  found  no  worm,  but  at  the  base  of  the  stalk 
found  the  aperture  where  it  had  gone  into  chrysalis,  and  as  there  were  no  peas  there, 
it  williii  tlie  next  broo^,  no  doubt,  be  found  in  the  cotton  and  will  furnish  a  field  for 
experiment.  My  conclusion  is  that  this,  the  third,  perhaps  the  fourth,  brood  is  now 
in  chrysalis,  and  will,  later  in  the  season,  be  out  in  large  numbers  in  cotton  except  where 
com  or  peas  are  near  by.  I  have  used  the  pyrethmm  mixed  with  flour  one  to  ten, 
by  dusting  it  on  the  silx  and  opening  slightly  and  introducing  a  small  quantity  into 
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the  apex  of  the  ear,  and  on  examining  the  following  day  have  fonnd  the  worm  misa- 
inff.    It  drivee  it  ont,  if  it  does  not  knl  it. 

I  have  used  it  on  pea  vines  in  infusion  1  to  30  hy  spraying,  bat  cannot  as  yet  re- 
port aocorate  results,  although  it  is  certain  that  its  use  diminishes  the  visits  of  insects 
of  variooB  kinds  that  frequent  them  for  nectar.  Finding  myself  foiled  in  prosecuting 
experiments  implicitly,  according  to  instructions,  I  have  endeavored  to  study  its 
habits  where  I  have  found  it,  hoping  to  place  at  your  disposal  some  simple  and  feasi- 
ble plan  of  preventing  its  ravages  in  cotton.  Recent  observation  has  strengthened  my 
belief,  as  intimated  in  a  former  report,  that  they  prefer  j^as  to  cotton  ;  and  it  would 
seem  very  natural,  if  thev  do  eat  peas,  that  as  after  leaving  com  tbey  go  into  chrysa- 
lis at  the  foot  of  the  stalk,  when  they  emerge  as  moth  they  would  commence  upon 
the  nectar  of  the  pea,  right  at  hand,  and  there  also  incubate,  as  the  pea  furnishes  rood 
for  its  larvfls.  As  the  pea  continues  to  bloom  throughout  the  season,  when  visited  by 
occasional  showers,  it  would  there  find  a  continuous  and  inexhaustible  supply.  Tbis 
plan  would  not  only  be  within  reach  of  ever  farmer,  but  would  add  to  his  food  supply 
and  prove  a  blessing.  I  shall  continue  my  visits  daily  to  the  field,  and  will  commence 
spraying,  under  instructions,  as  soon  as  the  worm  makes  its  appearance ;  and,  Jndging 
from  past  experience,  it  will  not  be  long  before  the  larv»  wul  be  out  in  full  force. 

As  the  season  has  been  so  unpropitious  I  will  here  offer  to  continue  experiments  to 
the  15th  October,  without  salary  for  that  time.  I  will  here  remark  that  all  the  usual 
insect  visitors  of  cotton  are  less  numerous  than  usual.  The  effect  of  Aletia  is  no- 
where visible,  though  a  few  may  be  found  in  any  field.  A  later  brood  may  strip  the 
ootton,  but  will  be  too  late  to  do  any  damage.  The  season  has  been  characterized  by 
low  temperature,  but  abundant  moisture,  proving  that  high  continued  temperature, 
as  well  as  moisture,  are  essential  to  the  propagation  of  these  two  Noctuids.  The 
fiMt  that  there  has  been  a  succession  of  com  crops  and  abundant  pea  crops  this  sea- 
son and  an  absence  of  Boll  Worms  in  cotton  corroborates  the  belief  that  HeUothis 
prefers  the  former  to  the  latter  as  food.  Having  failed  to  find  Heliothis  in  cotton  in 
sufficient  numbers  for  experiment,  on  the  18th  I  transferred  12  smaJl  larv»  from  com 
to  cotton.  On  the  following  day  sprayed  the  stalk  with  an  infusion  of  pyrethrum  1 
to  30,  cold.  On  the  20th  found  6  of  the  number  nibbling ;  on  the  22d  and  23d  but  2, 
and  on  the  25th  but  1.  Could  see  do  dauiage  done  by  them  and  no  si^n  of  them  upon 
contiguous  stalks.  Examined  the  field  of  cotton  referred  to  as  haviug  been  visited 
on  the  14th  ;  there  found  on  cotton  a^oining  com  eggAf  Heliothis.  both  on  leaves 
and  outer  calyx,  and  young  worms.  Will  commence  operations  there  in  a  day  or  two. 
As  there  were  no  peas  there  the  moth,  as  predicted,  on  emerging  at  the  base  of  the 
corn  stalk,  sought  the  cotton.  A  search  for  them  elsewhere  in  cotton  has  proved  fruit- 
lees. 

27th,  marked  off  plat  16  yards  square  and  applied  infusion,  cold,  1  to  24,  by  spraying 
with  force  pump  (Kumsey  Sl  Co.,  patentees,  Seneca  Falls,  N.  T.).  I  so  direct  the  noz- 
zle as  to  i^ply  it  chiefly  to  the  under  surface  of  the  leaves  through  a  fine  spraying 
nozzle.  This  piece  of  cotton  was  selected,  as  I  there  found  a  number  of  yoong  Boll 
Worms,  eggs,  and  also  Aletia;  October  2,  sprayed  a  plat  of  cotton  10  yards  square, 
upon  which  I  found  a  few  Boll  Worms  and  Aletia;  the  cotton  was  adjoining  corn. 
Aletia  larves,  half  grown,  showed  the  effects  of  the  poison  almost  immediately,  and 
after  writhing  for  a  short  time  fell  to  the  ground.  Half  grown  Boll  Worms  seemed 
less  sensible  to  the  effects,  but  left  the  boll  and  ceased  to  eat.  This  infusion  was  1  to 
30,  cold,  and  applied  fresh. 

October  3,  visited  the  field  where  I  had  previously  used  solution  and  dusted  cotton 
with  floor  preparation  and  found  no  sign  of  worm  either  where  I  had  placed  the 
worms  or  npon  adjoining  stalks.  As  pyrethrum  kUls  by  contact,  the  infusion  is 
greatlj  to  be  preferred,  as,  by  means  of  a  spraying  pump,  it  can  be  made  to  reach  every 
part  of  the  plant.  I  would  suggest  the  use  of  tanks,  rather  flat  than  otherwise,  so 
that  the  pump  when  on  a  wagon  would  be  but  little  above  the  top  of  the  cotton,  and 
should  be  directed  rather  against  the  cotton  than  over  it.  The  spray  striking  the 
plant  laterally  reaches  the  under  surface  of  the  leaves  more  readily. 

Looked  diligently  for  Heliothis  in  cotton  remote  from  com,  but  could  find  none. 

October  4,  visited  a  field  where  I  found  a  few  Aletia  and  here  and  there  a  Boll  Worm. 
Applied  to  cotton  the  fiour  preparation,  1  to  10,  which  has  been  kept  in  a  close  box 
for  several  weeks,  and  find  it  as  efficient  as  when  firstprepared.  Aletia  gave  evidence 
of  its  effects  at  once,  and  ceased  to  eat,  and  after  a  few  contortions  spun  a  web  and 
dropped  to  the  ground.  The  Boll  Worm  is  more  quiet  under  its  influence,  a  difference 
perhaps  in  constitution,  but  soon  becomes  torpid  and  ceases  to  eat. 

A  close  examination  of  a  field  of  cotton  which  has  both  bottom  and  upland  and  is 
in  vigorous  growth,  though  of  a  russet  aspect,  partly  from  rust  and  partly  from  season, 
and  which  is  an  average  specimen,  shows  less  injury  from  both  Heliothis  and  Aletia 
than  for  many  years  past,  yet  in  many  crops  there  is  a  loss  of  middle  crop  due  mainly 
to  shedding. 

October  7,  sprayed  a  plot  20  feet  square  with  an  infusion,  1  to  24,  cold.  This  had 
npon  it  a  large  number  of  well-grown  Aletia  larvfB,  but  some  of  all  ages.    This  plat 
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a^oined  cotton  on  one  side  eaten  bare,  on  the  other  almost  nntonched.  My  object 
was  to  see  whether  I  could  stop  their  progress,  moving  as  they  were  from  west  to  euL 
Have  long  held  the  opinion,  confirmed  by  observation,  that  it  never  leaves  the  stalk 
npon  which  the  e^g  is  deposited  to  eat  again.  I  there  saw  them  crossing  *i  pnblie 
road,  leaving  bohmd  nn touched  cotton. 

October  10,  examined  cotton  where  I  hxid  previonslv  dusted  flour  preparation  and 
found  that  no  progress  had  been  made  in  iigury  to  the  leaves,  though  found  a  few 
young  caterpillars ;  also,  examined  cotton  upon  which  I  had  placed  Boll  Worms  re- 
moved from  corn,  but  found  no  damage.  My  belief  is  that  when  transferred  from 
one  plant  to  another  they  are  either  slow  to  eat  or  do  not  eat  at  all.  Examined  the 
field  sprayed  on  the  7th  and  found  some  worms  still  there,  but  a  comparisou  with  ad- 
Joining  cotton  showed  that  the  pyrethrum  had  destroyed  many. 

14th,  examined  the  plot  sprayed  on  the  2d  instant,  and  found  that  undisturbed  by 
worms  of  any  description,  and  found  some  dead  worms  upon  the  stalks.  This  plat 
had  also  a  fresher  appearance  than  any  surrounding  cotton  and  was  free  from  worms, 
while  Aletia  could  be  found  all  around  it. 

I  will  remark  that  the  result  upon  pea  vines,  where  the  infusion  was  applied,  was 
exemption  from  worms,  but  at  the  same  time  must  confess  that  I  saw  no  damage  else- 
where. Though  finding  many  leaves  perforated,  I  did  not  find  Heliothis  larva  upon 
the  leaves  or  pod,  but  occasionally  found  other  caterpillars. 

To  sum  up,  would  say  that,  from  my  experiments  and  experience  with  pyrethrum, 
if  sprayed  over  cotton  or  dusted  on  the  •  apex  of  the  ear  of  com  so  as  to  reach  the 
worms,  in  infusion  or  decoction,  cold  or  hot,  in  the  proportion  of  one  pound  to  thirty  gal- 
lons of  water,  or  one  pound  to  ten  of  flour  or  ashes,  it  would  effectually  protect  cotton 
against  either  Heliothis  or  Aletia;  but  a  stronger  preparation,  say  one  to  twenty-four 
gallons  or  one  pound  to  eight  pounds,  would  be  more  efficient,  especially  for  large 
Boll  Worms.  After  being  once  touched  with  it,  I  think  they  cease  to  eat,  sicken  and 
die.  I  would  prefer  always  the  spraying  to  the  dry  powder,  for  the  reason  that  it 
can  be  more  generally  diffused  over  the  plants ;  and  furthermore,  because  it  disturbs 
the  worm  and  would,  in  many  cases  dislodge  it  from  the  plant,  and  when  onoe  dia- 
1  edged  or  disturbed  they  seem  to  wander  distractedly. 

As  before  remarked,  Heliothis  has  not  visited  here  m  its  wonted  numbers  in  cotton, 
and  unless  it  has  songht  o^er  vegetation,  adverse  meteorological  conditions  have 
been  in  operation. 

I  beUevCj  however,  successive  crops  of  com  and  peas,  which  have  been  a  feature  of 
farming  this  season,  may  account  for  its  absence  in  cotton ;  and  from  this  a  hint  may 
be  taken,  which,  if  put  in  practical  operation,  would  insure  the  cotton  crop  agiunst 
damage  from  Boll  Worm,  either  hand-picking  or  the  use  of  pyrethrum  with  the  firsk 
brood  in  com  would  be  a  feasible  operation  with  any  planter. 

I  would  also  say,  unhesitatingly,  that  anv  farmer,  by  the  use  of  pyrethrom  or  other 
poisons,  can,  by  watching  the  advent  of  the  first  brood  of  worms,  which  almost  in- 
variably occupies  a  small  area,  stop  its  ravages  by  a  timely  application,  and  at  • 
small  outlay  of  either  labor  or  money. 

Respectfully  submitted, 

E.  H.  ANDERSON,  M.  D. 

Prof.  C.  V.  RiLBT 
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COTTON  CATEEPILLAES  IN  BRAZIL. 

By  John  C.  Braiiner. 

[Extracted  from  a  manuscript  report  on  cotton  in  the  £mpire  of  Brazil — an  account 

of  InveBtigations  made  by  Mr.  Branner  and  Mr.  A.  Koebele,  durine  a  trip  made 

to  Brazil  in  the  spring  of  1883,  under  direction  of  C.  V.  Riley.] 

HISTORICAI.. 

That  there  were  caterpillars  that  destroyed  the  leaves  of  the  cotton  plant  was  known 
to  the  earliest  settlers  of  Brazil.  Jn  the  Boteiro  do  BraHl,*  written  between  1570  and 
1587,  Gabriel  Scares  de  Souza,  in  speaking  of  the  kinds  of  caterpillars  in  the  province 
of  Bahia,  says :  "  Some  of  them  destroy  the  young  mandioca,  cotton,  and  rice,  and 
injure  the  sugar  cane,  and  sometimes  there  are  so  many  of  them  that  the  roads  are 
fall  of  them,  and  they  leave  the  ground  over  which  they  have  passed  clear  of  grass 
and  parched." 

In  1794,  Dr.  Manuel  Arruda  da  Camara,  naturalist  in  the  service  of  the  King  of  Por- 
tugal, wrote,  at  Pemambuco,  his  treatise  upon  cotton. t  In  Chapter  VII  of  this  work 
he  treats  of  the  diseases  peculiar  to  the  cotton,  in  Brazil,  and  of  the  insects  afiecting 
it.    The  following  is  what  he  wrote  upon  the  caterpillar : 

"There  are  caterpillars  proper  to  the  cotton  plant,  which  live  upon  its  leaves,  and 
which  are  so  voracious,  and  appear  in  such  numbers  in  certain  years,  that  in  a  few 
days  they  eat  up  a  whole  cotton  plantation,  gnawing  even  the  tender  shoots  so  that 
the  plants  appear  to  have  been  swept  by  fire.  These  insects  go  through  their  whola 
metamorphosis  within  twenty  days,  a  little  more  or  less ;  that  is,  up  to  the  last  meta- 
morphosis, called  by  botanists  the  imago  revelata.  This  plague  does  great  damage  *to 
the  young  plants,  for  they  eat  them  off  almost  even  with  the  surface  of  the  ground,  be- 
cause they  find  the  trunk  still  tender.  '  They  do  not  fail  to  injure  the  grown  plant 
seriously  also,  especially  when  freshly  flowered,  for  their  fruit  does  not  come  to  per- 
fection, and  it  is  difficult  for  them  to  take  on  new  foliage.  Sometimes,  however, 
when,  after  having  eaten  for  some  days,  a  heavy  rain  falls  on  them  that  knocks  them 
to  the  earth  and  kills  them,  the  cotton  plants  put  out  lateral  branches  which  produce 
an  admirable  quantity  of  fruit,  and  thus  thev  serve  the  purpose  of  a  pruning.  The 
caterpillar  does  not  generally  come,  save  in  tne  season  of  the  early  rains,  commonly 
called  the  *  first  waters.'  For  the  same  reason  they  are  called  *  papillon  printan- 
ier'  in  Cayenne  and  San  Domingo.  If  these  first  rains  are  followed  by  continuous 
sunshine  or  by  a  few  licht  rains,  these  caterpijlars  appear  in  great  abundance;  but 
if  the  rains  continue  abundant  and  heavy,  those  that  have  appeared  perish,  and  new- 
broods  are  prevented.  On  account  of  the  close  winters  it  is  now  three  years  since 
they  have  been  seen."t 

•  RevUta  do  Instituio  HistoHco  do  Brazil,  1851,  p.  268. 

t  Memoria  sobre  a  Cultura  dos  Algodoeiroe,  por  Manuel  Arruda  da  Camara. 

t  In  these  two  accounts  alone  we  have  sufficient  evidence  of  the  existence  of  *'  Cot- 
ton Worms''  in  Brazil  since  the  first  settlement  of  the  country  by  the  Portuguese. 
In  the  Department  of  Agriculture  Report  (1879)  on  Cotton  Insects,  pp.74  and  358,  a 
writer  is  quoted  as  saying  that  Cotton  Worms  were  never  observed  in  S&o  Paulo 
prior  to  18(53,  and  that  after  cotton  began  to  be  extensively  cultivated  they  appeared 
in  such  numbers  as  to  cause  the  culture  to  be  nearly  abandoned  in  1874. 

A  glance  at  the  statistics  of  exportation  from  the  province  of  Sao  Paulo  shows  that 
while  cotton  only  began  to  be  exported  about  1864,  the  exports  in  1873-^4  were  larger 
than  in  any  year  before  or  since.  The  natural  explanation  therefore  is  that  when  the 
planters  took  no  interest  in  cotton  culture,  caterpillars  never  troubled  them,  but  in 
proportion  as  the  culture  grew,  the  ravages  of  these  insects  attracted  increased  atten- 
tion from  them. 

63  CONG— AP-         ^  ^^^^ 
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KoBter,  whose  Travels  in  Braeil  cover  the  period  &om  1809  to  1815,  in  speaking  of 
cotton  calture  in  the  northern  provinces  says:*  ''The  profits  which  are  obtained  in 
favorable  years  by  the  planters  of  cotton  are  enormous ;  bnt  frequently  disappoint- 
ments are  experienced.  Oftentimes  a  whole  crop  is  totally  lost,  and,  instead  of  large 
returns,  the  year  proves  entirely  unproductive ;  or,  after  a  fair  promise,  the  gnii),  & 
oaterpillar,  the  rain,  or  the  excessive  wrought,  destroys  all  hope  until  the  following  sea- 
son." 

Beferring  to  the  cotton  plants  in  the  province  of  Minas  Geraes,  Angnste  de  Saint- 
Hilaire  says:t  *^Ilsont  ud  ennemi  redoutable ;  c'est  une  chenille  arpenteose  qui  eD 
manse  les  feuilles,  et  fait  beauconp  de  tort.''  In  a  foot-note  he  adds:t  *' J'ai  coDclae 
qn'elle  ^tait  arpentense,  de  la  description  qu'On  m'en  a  faito,  car  je  ne  I'ai  point  vue. 
Serait-ce  le  Noctua  gossypii  Fab.f " 

Mr.  Lyman  says>$  *' Alonz  the  coast  the  climate  is  unfavorable,  aud  the  ravages  of 
insects  are  such  as  to  make  tne  cotton  crop  very  uncertain." 

Dr.  Antonio  Re^o,  in  his  Almanack  do  Pavopara  1867,  in  speaking  of  the  drawbacks 
to  cotton  raising  m  the  province  of  Maranhao,  says:  ||  ''  The  development  of  cotton 
fi;rowing  is  subject  to  certain  drawbacks,  among  which  are  «  «  *  insects,  ench  as 
the  caterpillar,  and  others  less  injurious."    •     •    • 

Dr.  Burlamaqui,  the  then  secretary  of  the  Sociedade  Auxiliadora  da  Indn8tri.a  Na- 
cional  at  Bio  de  Janeiro,  wrote  a  monograph  upon  the  cotton  plant  in  1863,  in  which 
he  says :  If  '*  The  Noctua  goaaypii  caterpillar  of  the  cotton  plant  generally  Uvea  alone, 
but  it  often  forms  part  of  numerous  swarms.  Then,  as  if  they  had  been  convoked  to 
give  the  planter  a  lesson,  they  march  in  close  columns,  enter  the  cotton  field,  and  in 
kss  than  twelve  hours  destroy  the  leaves  and  flowers  and  the  tender  capsules  and 
young  twigs.  This  destruction  may  be  recognized  at  a  great  distance  by  the  odor  of 
the  droppings.  As  soon  as  one  cotton  field  is  destroyed  they  march  to  another,  destroy 
that,  and  so  on.  Fortunately,  however,  the  number  of  caterpillars  gradually  decreases, 
for  many  of  them  passing  into  the  chrysalid  stage,  bury  themselves  in  the  earth. 
These  attacks  do  not  occur  every  year,  or  at  fixed  periods." 

Dr.  Miguel  Antonio  da  Silva  has  the  following  reference  to  caterpillars  that  injore 
the  cotton  plant:**  "  The  plantations  are  exposed  "  ♦  *  to  the  attacks  of  divers 
enemies.  The  most  relentless  of  these  are  two  species  of  noctuellaa  (noctua  avhterranea 
and  noctua  gossypii),  the  latter  of  which,  in  the  larval  state,  often  despoils  the  plants 
of  their  foliage,  flowers,  and  fruit  in  the  space  of  twenty-four  hours ! " 

These  brief  references  constitute  the  literature  of  the  subject  of  the  Cotton  Worm 
in  Brazil;  and  it  should  be  borne  in  mind,  at  the  same  time,  that  there  is  nothin$;to 
indicate  that  Dr.  Burlamaqui  and  Dr.  Silva  knew  of  the  existence  of  such  insects  in 
that  country. 

Outside  of  the  cotton-growing  districts  one  never  hears  of  them,  even  thonghh« 
'make  the  most  careful  inquiry,  unless  perchance  he  encounters  a  planter  of  cotton  oz 
a  resident  of  the  cotton-growing  region. 

In  1871  the  Novo  MurSo  published  a  short  article  upon  the  Cotton  Worm  in  th« 
United  States.  With  reference  to  this  subject  in  Brazil,  the  article  says: ft  *'Upto 
the  present  it  does  not  appear  that  the  cotton  plants  in  Brazil  have  suffered  mnch 
from  the  insect  proper  to  them."  These  remarks  received  the  indorsement  of  the  edi- 
tor of  the  Auxiliador  da  Industria  Nacionaly  the  leading  authority  on  agricultural  mat- 
ters in  Brazil,  to  such  an  extent  as  to  be  copied  in  that  journal  ^t  in  1878,  together 
with  the  very  poor  illustration  that  accompanied  the  original  article,  a  fact  which 
would  indicate  that  it  is  not  generally  known,  even  to-day,  that  the  caterpillars  do 
serious  damage  to  the  cotton  plants.    And  such  indeed  is  the  case. 

Although  diligent  inquiry  was  made  at  Par(l,  Maranhsk),  and  Pemambnco,  no  one 
was  found  who  Had  any  knowledge  of  an  insect  injurious  to  the  cotton  plant.  In  the 
last-mentioned  city  I  hoped  that  the  agricultural  society  would  be  aole  to  furnish 

^Travels  in  Brazil^  by  Henry  Koster,  vol.  ii.  p.  172;  2d  ed. 

t  Voyage  dans  les  provinces  deBio  de  Janeiro  et  Minas  GeraeSj  par  Augnste  de  Saint-Hil- 
aire  (1817-'18),  vol.  ii,  p.  108. 

tThis  note  was  made  in  1817-^18. 

^Cotton  Culture,  by  J.  B.  Lyman,  p.  154. 

\\  Almanack  do  Povopara  1867,  par  Dr.  Antonio  Kego,  MaranhSo. 

^Monographia  do  Ailgodoeiro,  pelo  Dr.  F.  L.  C.  Burlamaqui,  Rio  de  Janeiro,  1863,  p. 
66.  It  should  be  remarked  in  regard  to  what  both  Dr.  Burlamaqui  and  Dr.  Miguel 
Antonio  da  Silva  say  in  regard  to  Cotton  Worms,  that  it  is  not  clear  that  they  refer 
to  caterpillars  as  bein^  found  in  Brazil,  and  the  fact  that  their  writings  upon  cotton 
are  largely  compiled  from  writers  upon  cotton  in  other  countries  would  strengthen 
this  doubt.    Bnt  such  cannot  be  said  of  any  of  the  other  writers  quoted. 

**Bevi8ta  Agricola  do  Imperial  Jnstituto  Flumiucnse  de  Agricultural  No.  5,  Sept.,  1870, 
p.  12.      Vide  also  foot-note  on  preceding  page  in  regard  to  Dr.  Burlamaqui's  remarks. 

t+  O  Novo  Mundo,  May  24,  1871,  p.  123. 

tt  Auxiliador  da  Industria  Nacional,  1878,  pp.  159-160. 
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some  definite  information  upon  this  subject,  but  none  of  the  prominent  members  in 
the  city  knew  of  such  insects.  In  Bahia  alone,  after  havinc  finished  the  field-work, 
did  I  find  one  gentleman,  Dr.  Antonio  de  Lacerda,  who  had,  at  the  request  of  Ftof. 
C.  y.  Riley,  bred  one  of  the  moths  from  a  caterpillar  found  upon  a  cotton  plant  in  the 
suburbs  of  that  city. 

OBSERVATIONS. 

The  time  of  the  appearance  of  the  caterpillars  depends  upon  when  the  first  rains  of 
the  winter  season  set  in,  and  th(4r  abundance  or  scarcity  depends  upon  the  regularity 
or  irregularity  of  the  rains.  They  appear  at  the  setting  in  of  winter  every  year  in 
greater  or  less  numbers,  but  it  is  the  universal  testimony  of  cotton  planters  that  the 
seasons  in  which  winters  set  in  early,  and  in  which  one,  two,  or  three  weeks  of  rain 
are  followed  by  from  a  week  to  a  month  of  sunshine,^  are  the  ones  in  .which  the  cat- 
erpillars do  their  greatest  injury.! 

As  has  already  been  observed,  the  beginning  of  the  rains  is  not  perfectly  regular, 
as  it  sometimes  varies  a  month  or  two  one  way  or  the  other.  In  the  province  of  Per- 
nambnco,  and  through  those  provinces  which  border  upon  it,  it  is  generally  expected 
that  the  caterpillars  will  do  their  greatest  injury  during  the  months  of  April  or  May, 
for  it  is  generally  in  these  months  that  there  is  a  temporary  cessation  of  the  regular 
winter  rains.  They  appear,  though,  in  small  numbers  much  earlier,  even  in  the 
month  of  January,^  and  it  is  possible  that  in  some  localities  and  under  circumstances 
favorable  to  Ihem  they  may  do  great  injury  as  early  as  that  month.  If,  however,  the 
rains  of  the  early  part  of  winter  are  regular,  and  there  is  no  interval  of  dry  weather, 
cat^^rpillars  will  not  appear  in  numbers  sufiicient  to  do  any  serious  injury  to  the  cot- 
ton crop. 

The  duration  of  this  pest  also  depends  upon  the  weather;  that  is,  upon  the  length 
of  the  veranico,  ©r  short,  dry  season.  To  the  difference  in  the  length  of  the  veraiiico  is 
probably  due  the  difference  in  the  duration  of  the  caterpillars  as  given  by  the  answers 
to.  the  circular.  According  to  these  answers  the  length  of  this  short,  dry  season  varies 
from  one  week  to  three  months. 

It  is  the  universal  testimony  of  the  planters  that  when  the  regular  heavy  rains  of 
winter  begin,  the  caterpillars  disappear.  If,  however,  the  raius  do  not  come  on 
shortly  after  their  appearance,  the  plants  are  completely'  defoliated,  and  even  the 
tender  twigs,  the  young  bolls,  and  sometimes  the  tender  bark  of  the  plants,  are  de- 
voured, leaving  the  field  as  bare  as  if  it  had  been  burned.  It  is  said  tnat  when  they 
appear  in  large  numbers,  one  can  hear  the  sound  of  their  gnawing  the  leaves,  and 
their  excrement  emits  a  characteristic  odor  which  may  be  distinguished  at  a  cousid- 
able  distance. 

No  observations  that  can  be  relied  upon  have  been  niade  in  regard  to  the  kinds  of 
soil  on  which  the  caterpillars  first  appear,  or  which  Ihey  prefer  or  avoid.  [  have 
been  told  by  several  persons  that  they  are  not  so  likely  to  appear  in  fields  newly 
planted,  and  which  have  just  been  burned  over,  a  fact  which  they  attribute  to  the 
presence  of  the  ashes  on  the  soil.  Some  affirm  also  that  they  prefer  high  ground, 
others  that  they  prefer  lowlands;  some  say  rich  and  some  say  poor  ground.  The 
only  indication  that  they  prefer  plants  growing  upon  good  soil  is  the  fact  that  the 
planters  of  Sao  Panlo  planted  their  cotton  on  poor  or  wornout  lands,  rather  than  ex- 
pose it  to  the  ravages  of  the  caterpillars  on  the  best  soil.$ 

Daring  the  stay  at  Bonito,  in  the  province  of  Pemambuco,  we  first  found  the  eggs 
and  larvss  on  the  lower  and  more  moist  ground ;  later  there  seemed  to  be  no  appre- 
ciable difference  in  the  numbers  found  on  low  or  high  ground. 

It  is  said  that  the  younger  plants  are  the  ones  that  suffer  most  from  the  ravages  of 
those  insects,  and  when  they  appear  shortly  after  the  cotton  has  started  from  the 
ground,  they  eat  the  plants  up  entirely,  and  render  replanting  necessary,  while  the 
plants  already  grown,  and  above  all  the  old  tree-cotton  plants,  suffer  comparatively 
mnch  less.  The  injury  done  the  young  plants  is  so  great  in  some  parts  of  the  country 
that,  rather  than  run  the  risk  of  losing  their  whole  planting,  cotton  growers  do  not 
plant  at  the  beginning  of,  or  before,  the  rainy  se^on  sets  in,  but  wait  until  the  end 
of  the  short,  dry  season,  or  till  the  time  of  danger  is  past. 

*  This  season  is  called,t'eramco  (diminutive  of  verdo — summer)  in  the  Portuguese,  and 
corresponds  to  our  Indian  summer. 

tSucb  weather  is  favorable  to  the  appearance  of  all  hibernating  inseots  in  Brazil. 
When  the  rainy  season  sets  in  insects  come  out  at  once  in  large  numbers.  They  are, 
therefore,  most  abundant  in  March,  April,  and  May,  and  during  those  months  they  are 
often  very  annoying  at  night,  fiying  into  rooms,  when  attracted  by  lights,  in  great 
numbers.  When  we  reached  Bonito,  in  the  province  of  Pemambuco,  in  the  early 
part  of  January,  insects  were  comparatively  ver^  scarce,  and  when  we  left,  toward 
the  end  of  February,  they  were  mnch  more  plentiful. 

t  The  first  eggs  and  young  caterpillar  were  found  by  Mr.  Koebele  at  Bonito,  in  the 
province  of  Pemambuco,  January  8,  1833. 

$  This  note  was  taken  by  Mr.  W.  T.  Gepp  in  the  pTO-^mc^  oi  ^"ftft  ^  vo^.^  Va.  ^S?l^^ 
from  a  promineot  planter. 
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THE  TWO  SPECIE.* 

So  far  it  has  not  been  attempted  to  diBtingniisli  between  the  two  speoies  of  larra 
that  affect  cotton-plants  in  Brazil.  As  a  rcQe,  the  people  of  the  cotton  region  call 
them  all  '*  cotton  caterpillars,"  and  I  saw  but  one  person,  a  farmer,  who,  when  th« 
two  larvflB  were  shown  him,  recognized  the  fact  that  they  were  different,  and  whoM* 
snred  me  that  the  •  was  the  *'  true  cotton  caterpillar,''  as  he  called  it.  The  h  species, 
he  said,  also  devoured  the  cotton,  but  they  never  seemed  to  be  so  plentifal.  How 
much  credence  is  to  be  given  to  this  statement,  it  is  impossible  to  say,  until  farther 
observation  shall  have  been  made. 

.  It  is  not  to  be  expected  that  the  planters  would  observe  carefully  the  first  appear 
ance  of  the  larv»,^-or  that  they  should  notice  their  presence  at  all  until  they  beeome 
dangerous ;  and  such  is  the  case.  This  also  explains  their  assertions  that  the  worms 
appear  in  April  and  May.  Up  to  the  22d  of  February  the  planters  about  Bonito  in- 
sisted that  there  were  no  caterpillars  in  the  cotton-fields,  although  they  had  been  found 
by  us  for  more  than  a  month. 

At  Bonito,  January  8, 1883,  the  eggs  and  youn^  larvse  of  b  were  first  fouud,  and  the 
first  moth  came  out  January  23.  Tne  collecting  in  the  field  was  continued  from  Janu- 
ary 8  till  February  22,  and  the  moths  were  br^  as  rapidly  as  possible.  Bat  it  was 
not  until  the  6th  of  February  that  s  came  out,  Just  two  weeks  after  the  appearance 
of  the  first  h. 

Up  to  February  22,  there  were,  in  all,  about  559t  specimens  of  these  moths  bred.  Of 
this  number  only  48  were  s,  HI  of  which  came  out  between  February  6  and  Febmarj 
22.  Aside  from  these  that  were  bred  indoors,  either  from  larvae  one  or  two  days 
old,  or  from  the  eggs,  there  were  only  three  s,and  twenty -two  h  captured. '  Erery  ef- 
fort was  made  to  capture  both  kinds  of  moths,  but  baiting  and  the  use  of  lights  to 
attract  them  were  quite  unavailing.  A  few  Vb  were  taken  along  with  large  nnmhen 
of  noctuidst  that  frequented  the  flowers  of  the  Cleome  heptaphylla  that  grew  abun- 
dantly about  our  house.     Out  of  the  25  thus  captured,  only  three  were  s. 

^Tbe  eggs  from  which  the  moths  Were  reared  were  found  on  the  inferior  sides  of  tbe 
cotton  leaves,  while  the  larvse  were  taking  by  beating  the  bushes,  none  of  them  be- 
ing rejected. 

The  esgs  and  young  larvie  when  taken  were  placed  in  breeding  cages  together,  and 
fed  until  they  pupated,  when  the  pupsD  were  removed  to  other  boxes.  It  was  notieed 
that  the  s's  generally  webbed  up  m  the  gauze  covering  of  the  breeding-boxes,  whild 
the  Vb  preferred  the  bottom  of  the  boxes  and  the  cotton  leaves  or  bfts  of  paper  placed 
there  for  them. 

The  time  passed  in  the  pupa  state  appears  to  be  the  same  with  one  as  with  the 
other  species.  Of  the  143  observations  in  regard  to  the  time  from  the  day  of  pupat- 
ing till  the  issue  of  the  perfect  insect,  108  were  made  upon  6,  and  32  upon  «.  In  the 
case  of  the  latter,  the  insect  remained  in  the  pupa  state  as  follows : 

Days  in  the  pupa :  Gases  obaertti 

11 W 

10 8 

12 5 

13  1 2 

14 I 

16 I 

9 I 

In  the  case  of  &,  the  time  passed  in  the  pupa  state  was  as  follows : 
Days  in  the  pupa :  Ciaes  obsernd. 

11 44 

10 V 

12 24 

9 • 8 

8 5 

13 1 

14 ^ 1 

16 j 

*  Of  the  insects  here  referred  to,  those  marked  b  include  a  very  variable  species, 
which  is  Ananiis  derogataf  while  those  marked  s  are  the  genuine  AlMia  xylina  (Say). 
For  further  particulars  see  note  (58J. 

t  Fifteen  others  were  bred  at  Bahia,  of  which  three  were  s. 

t  Mr.  Koebele,  unaided,  caught  in  the  cyanide  bottle  more  than  a  hundred  moths  on 
the  Cleome  flowers  almost  every  night  after  February  8.  One  evening  he  caught  200, 
another  228,  and  another  439.  These  moths  were  taken  between  8  and  11  o'clock,  aitei 
which  hour  but  few  were  seen.  On  several  other  evenings  he  caught  over  200  in  tbe 
same  manner. 
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In  all  cases  where  the  insect  remained  in  the  pupa  more  than  twelve  days,  the  pnpa 
liad  been  kept  in  a  close,  glass-covered  box,  whicn  was  badly  ventilated,  or  not  ven- 
tilated at  all. 

The  weather  was,  daring  this  time,  for  the  most,  rather  cool  for  the  time  of  year. 

The  moths  came  oat  generally  between  7  and  9.30  o'clock  in  the  eveniue,  though  a 
few  came  out  a  little  earlier,  and  quite  a  number,  especially  toward  the  last,  issued 
as  late  as  2  o'clock  in  the  morning. 

BroadB. — ^Time  did  not  permit  extended  observations  in  regard  to  the  number  of 
broods.  From  what  is  known  of  the  habit  of  the  insect  in  the  United  States,  and  the 
time  of  its  first  appearance  in  Brazil,  say  January  1,  and  the  time  when  the  plague  is 
said  to  end^  say  June  15,  the  number  of  broods  can  readily  be  estimated.  In  case 
the  suspension  of  rains  at  the  beginning  of  winter  lasts  longer,  of  course  the  number 
of  broods  will  be  greater.  As  the  climate  of  Brazil  does  not  admit  of  winters  suffi- 
ciently cold  to  kill  the  pupse,  the  numbers  that  survive  the  rains  and  the  accidents  of 
hibernation  must  be  very  gre^t. 

On  the  other  hand,  the  comparatively  uncultivated  fields  in  which  cotton  is  grown 
tend  to  favor  the  number  of  insect  enemies  of  the  cotton  insects.  On  almost  every  cot- 
ton plant  numbers  of  spiders,  beetles  and  ants  were  foand.  Sometimes  a  dozen  or 
more  empty  egg-shells  were  found  upon  a  single  plant,  and  the  most  careful  search 
would  not  discover  a  single  caterpillar,  either  large  or  small,  while  a  few  small,  trans- 
parent spots  in  the  leaves  wobld  show  that  the  young  larvse  had  been  there,  and 
were  probably  devoured  by  some  of  their  enemies.  The  plants  are  too  high  for  do- 
mestic fowls  to  be  of  mu^h  service  in  devouring  them,  but  the  planters  say  they  are 
eaten  by  all  kinds  of  wild  birds.* 

,  REMEDIES. 

The  preventive  measures  and  remedies  recommended  by  Burlamaqui  are  as  fol- 
lows:! 

"  These  larvae  always  spare  the  plantations  that  are  full  of  bad  grass,  especially 
of  certain  kinds,  like  Farthenium  hyaterojphurua  for  example.  When  they  enter  a  plan- 
tation they  attack  the  plarts  in  the  middle  of  it  first.  They  keep  always  on  the 
shady  side,  for  they  fear  the  sun,  the  wind,  and  the  rain.  They  prefer  those  plants 
that  are  near  together,  and  cate  but  little  for  those  that  are  at  proper  distances  from 
eaeh  other.  They  never  destroy  a  cotton-field  in  which  the  plants  are  far  enough 
apart  and  completelv  free  from  useless  plant%" 

^  In  some  parts  of  the  cotton  region  it  is  the  custom  to  replant  the  cotton  about  the 
time  the  plague  is  at  an  end,  and  then,  by  the  time  they  have  disappeared,  the  young 
eotton  wul  have  be^n  growing. 

No  direct  remedy  is  known,  and  I  was  unable  to  hear  of  any  ever  having  been  tried. 
One  gentleman,  wno  was  said  to  be  an  authority  in  regard  to  agricultural  matters, 
said  that  he  haia  been  told  that  salt  applied  to  the  roots  of  the  plants  killed  the  in- 
sects. 

When  askiuff  for  some  suggestion  upon  the  subject,  the  answer  was  frequently  given 
that  nothing  snort  of  the  '^intervention  of  God"  could  stop  such  a  plague  when  once 
it  began. 

LOSSES  CAUSED  BY  CATERPILLARS. 

• 

In  the  absence  ot  agricultural  statistics  it  is  difficult  to  find  out  the  percentages  of 
losses  caused  by  Cotton  Worms  in  Brazil,  and  whatever  percentage  is  settled  upon  as 
the  correct  one  it  must  necessarily  be  unsatisfactory.  I  was  fortunate  in  obtaining 
notes  made  in  the  province  of  SSo  Paulo  in  1876  by  Mr.  William  T.  Gepp,  of  Rio  de 
Janeiro.  From  a  well-known  planter  at  Itaicy  in  that  province,  who  had  grown  cot- 
ton for  a  great  many  years,  but  who  had  abandoned  it  in  1873  on  account  of  the  dam- 
age canseid  by  the  caterpillars,  Mr.  Gepp  obtained  the  following  information,  which  I 
copy  from  his  note-book : 

"  Caterpillars  prefer  good  ground ;  worn  lands  not  so  sul]ject|#but  the  yield  is  only 
half  crop.7  The  planters  were  then  planting  their  cotton  upon  worn'  ground,  pre- 
ferring the  half  crop  to  what  the  daterpillars  would  leave  them  upon  better  soU. 

'Birds  of  the  parrot  family,  however,  do  great  injury  to  cotton,  especially  when  it 
is  young  and  the  bolls  are  tender.  They  often  swarm  into  the  fields  and  destroy  the 
crop  by  gnawing  into  the  green  bolls.  This  is  the  only  part  ol  the  plant  disturbed 
by  them.  ^ 

1  Managraphiaj  por  Dr.  Burlamaqui,  pp.  56, 67. 
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Tlie  following)  from  the  replies  to  the  circnlary  shows  the  varie^  of  opinions  prevail- 
ing among  planters  in  regara  to  the  average  annual  losses  cansea  by  caterpillan: 


Nnmbers  of  aniwers 
to    circular,    quea- 
tUttS  24  and  25. 

EatiniAted  percentage 
of  loss  annually. 

• 

1 

83ito50. 

60 
25 
834 
Sometimes  total. 
25 
83i 
10 

2 

8 

4 

6 

0 

8 

10 

14 

18 

This  gives  an  average  loss  of  34f  per  cent.,  or  sav  33^. 

The  opinions  and  estimates  here  given  may  safely  be  taken  to  represent  also  thow 
of  more  than  a  hundred  cotton-planters  with  whom  I  conversed  upon  this  subject  in 
the  province  of  Pernambuco. 

Table  showing  the  official  value^  in  milreis,  of  the  cotton  exported  from  BraHl  during  tte 
twenty-four  years  from  1851-^52  to  1875-76,  and  the  losses  caused  by  oatorpillan. 


Provhioes. 


Peimambaco 

Alagoas 

Maranhfto 

Parahyba 

CearA 

Sfio  Paulo 

Bahia 

Rio  de  Janeiro 

Rio  Grande  do  Norte 

Sergipe 

Piaaby 

Pari 

Rio  Grande  do  Sol 

Total  for  tbe  Empire 

Rednoed  to  dollars . . . 


Official  valae 
of  exports 

from  185]-'52 
to  1875-76. 


tfron 
1851-'52to 
1876-'7«. 


MUrHs. 

MiMi, 

142,858,211 

71.429,10S 

69, 051, 267 

34,  SO.  633 

72,523.900 

36,261,N5 

57, 32*i,  080 

28,661,040 

42,404.506 

21.202.288 

20, 715, 404 

10.357,583 

29,896.222 

14.6M.1U 

19, 311. 396 

9,655,697 

10, 575^  432 

5.287,716 

1.747,678 

873,839 

2,617.479 

1.308.739 

542.961 

271, 4» 

8.1M 

1,582 

460. 069, 549 

234,534.774 

$249,545,000 


$124,772,500 


NOTB.— Thepar  valne  of  the  BrasUlan  milreia  is  27  pence.  Bnt  daring  the  period  covered  by  the  table, 
the  fluctuations  were  very  great,  owing  largely  to  tbe  war  with  Paraguay.  The  average  Vate  of  ex- 
change waa  26|  pence  and  the  reauctions  are  made  at  this  average  rate. 

This  table  represents  the  official  valne  of  the  exports  previously  given.  It  is  in- 
complete, on  account  of  the  exports  not  being  given  for  every  year  from  seme  of  the 
provinces.  Neither  is  the  cotton  used  for  home  consumption  included  in  the  amount 
upon  which  the  losses  are  calculated. 

If  the  losses  are  computed  for  the  whole  production  including  home  consumption  of 
cotton  in  the  Empire  for  the  24  years,  it  gives  766,136,037  pouxids  as  the  total  loss  in 
cotton,  or  an  average  annual  loss  of  31,922,335  pounds. 

BOLL  WORM.  , 

No  Boll  Worm  was  found  in  the  provinces  of  Pernambuco  and  Bahia,  and  though 
careful  inquiry  was  made  among  the  planters  for  it,  they  aereed  that  no  such  insect 
was  known  in  that  part  of  the  country.  In  the  replies  to  t&e  circulars  which  I  sent 
out,  a  few  Boll  Worms  are  said  to  be  found  in  the  province  of  Maranhito,  where  they 
do  but  little  injury  to  the  cotton.  Another  correspondent  from  the  same  province 
says  that  he  does  not  know  of  such  a  caterpillar.  Taken  together  they  may  Indicate 
that  the  Boll  Worm  does  exist  in  that  province,  but  that  it  rarel;^attack8  the  cot- 
tou.  Tbe  answer  from  the  province  of  Minas  Qeraes  adinits  the  presence  of  the  Boll 
Worm,  while  those  from  the  province  of  Pernambuco,  with  the  exception  of  one,  say 
that  it  is  not  known  there.  I  have  been  able  to  find  no  reference  to  it  in  the  writings 
upon  cotton  in  Brazil. 


APPEIVDIX  TI. 


y 


EEPOET  OF  JUDGE  WILLIAM  J.  JONES. 

Virginia  Point,  Tex.,  October  5,  1880. 

Snt:  At  no  time,  from  the  commeucement  of  active  investigations  and  study  of  the 
origin,  habits,  and  destructive  tendencies  of  Aletia  xylina,  bave^so  many  obstacles  pre- 
Bented  themselves  to  a  full  and  exhaustive  research  into  the  most  interesting  facts 
growing  out  of  the  question,  so  very  important  to  success  of  cotton  growth  in  the 
oouth.  During  the  season  just  passed,  through  the  whole  length  and  breadth  of 
the  land  where  cotton  has  been  cultivated  (except  in  a  few  favored  localities),  com- 
mencing early  in  July  and  not  yet  terminated,  there  has  been  a  continuous  fall  of 
^n,  unprecedented  in  the  history  of  cultivation,  destroying  a  very  large  portion  of  the 
crop,  as  yet  undetermined  and  impossible  of  accurate  estimate,  till  the  remainder  is 
Becored  and  ginned  and  marketed.  As  far  as  my  observation  and  memory  date  back, 
I  have  discovered  in  this  year  a  more  anomalous  exhibit  in  the  movement  of  this 
fugacious  enemy  of  the  cotton  than  before  remarked  in  a  period  of  forty  years  past. 
I^pon  a  considerable  number  of  plantations,  which  I  was  enabled  to  visit  in  despite 
of  the  frustrating  conditions  of  the  weather,  I  observed  what  I  had  never  before 
witnessed,  the  obvious  fact  that  in  almost  every  field,  where, the  fly  had  deposited  its 
eges,  were  plainly  to  be  seen  sections  of  the  crop  upon  which  no  worms  had  appeared, 
ftithough  only  separated  by  a  corn-patch  or  turn  row,  while  the  remainder  of  the 
field  was  entirely  riddled  by  these  truculent  depredators. 

In  looking  for  some  latent  cause  for  these  special  exemptions,  I  found  in  almost 
every  instance  that  the  unmolested  spots  were  the  early  and  well-cultivated  portions 
of  every  field,  clearly  manifesting  an  evident  instinct  in  the  mother  moth  for  the 
selection  of  those  plants  in  the  most  succulent  state  and  ofiering  suitable  sustenance 
for  their  larva.  I  found  that  the  same  views  prevailed  among  the  planters  themselves 
aa  to  my  observations  and  the  theory  upon  which  they  were  based. 

To  some  of  the  questions  embraced  in  your  Circular  No.  7  *  very  few  planters  were 
prepared  to  give  any  answer  clear  to  themselves  or  satisfactory  to  you.  To  Nos.  1 
and  2  I  failed  to  obtain  any  definite  information.  To  the  3d  a  large  number  an- 
swered they  had  remarked  no  special  difference.  They  were  reminded  that  in  1867 
and  1869,  when  the  ground  was  frozen  about  the  middle  of  March  of  each  year,  the  fly 
had  appeared  early  and  the  worms  were  very  destructive.  To  the  4th  the  replies 
were  uniform,  that  the  worms  appeared  earUer  and  were  more  numerous  and  destruc- 
tive in  wet  than  dry  weather.  To  the  5th,  they  had  observed  them  since  1664,  in 
some  years  as  early  as  the  first  week  in  May.  *  To  the  6th,  the  first  moths  seemed 
always  to  seek  the  rankest  cotton,  which  was  most  generally  to  be  found  in  the 
richest  land.  The  answers  to  the  7th  question  were  varied  and  unsatisfactory,  though 
a  majority  inclined  to  favor  the  ground  hibernation^  because  they  had  plowed  up 
chrysalids  resembling  Aletia,  and  yet  few  had  sufficient  curiosity  or  had  taken  the 
trouble  to  hatch  them  out.  But  a  few  of  the  most  intelligent  and  observant  planters 
were  very  positive  they  had  seen  the  moths  alive  in  protected  spots  and  after  the 
coldest  weather  in  winter,  and  had  no  doubt  in  regard  to  identification.  To  the  8th 
question,  it  was  answered  with  one  accord  that  the  insecticides  most  generally  observed 
were  the  small  ants,  dispersed  everywhere  in  the  cotton  fields,  many  varieties  of  birds, 
and  some  domestic  fowls,  where  fields  were  convenient  to  habitations,  assisted  by 
spiders,  wasps,  yellow-Jackets,  and  dirt-daubers,  as  known  to  plantation  parlance. 
Among  qnadrupeds,  none  but  wild  animals  were  supposed  to  prey  upon  the  worms,  as 
hogs  were  fenced  out  and  not  allowed  in  the  fields.  To  the  9th,  opinions  were  about 
equally  divided  as  to  practical  results,  though  a  very  general  concurrence  of  views 
in  favor  of  lights,  if  all  planters  would  set  them  at  or  near  the  same  time.  A  few  had 
used  lamps,  with^^pans  smeared  with  coal-tar  or  filled  with  molasses  and  vinegar. 
Hardly  any  were  satisfied  with  the  results,  as  this  style  of 'warfare  was  not  in  g^eral 
ose.    One  planter  thought  he  had  hastened  the  destruction  of  his  crop,  thougn  his 

•  See  introduction. 

\5&^ 
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reservoirs  at  the  foot  of  the  lights  were  filled  with  the  flies,  while  another  was  equally 
convinced  that  the  operations  of  the  worms  had  been  greatly  retarded,  and  he  wa» 
satisfied  that  from  this  cause  he  had  fared  better  than  his  neighbors,  who  had  not  been 
so  provident.  Very  many  observers  of  the  moth  believed  they  were  readily  attracted 
by  sweets,  as  they  were  generally  noticed  hovering  about  the  sorghnm  kettles  and 
vats  in  the  boiling  season.  None  had  seen  them  feeding  upon  any  leaf  or  flower.  To 
the  11th,  all  answered  they  did  not  know  any  flowers  that  attracted  them.  To  the 
12th,  it  was  stated  by  all  questioned  that  they  had  no  experience  of  the  jute  plant. 
One  party  had  grown  jute,  but  had  no  opinion  as  to  its  efiects  upon  the  fly  or  wonn. 
To  thd  13th,  many  planters  appeared  to  favor  the  use  of  Paris  green  fmd  arsenic,  while 
others  were  equally  satisfied  with  the  arseuiate  of  soda  and  London  purple,  it  being 
with  most  planters  a  question  of  cost,  which  decided  their  predilection.  To  the  14th, 
no  harm  need  result  to  man  or  beast  where  caution  is  used  in  the  appIicatioD  of  any 
poison  in  solution.  There  was  some  risk  when  distributed  in  the  powder.  If  applied 
m  excess  upon  the  plant,  the  leaves  were  blistered  and  the  forms  and  bolls  daiuaged. 
The  greatest  danger  was  in  the  application  in  wet  weather,  when  the  proportiona  were 
greatly  increased.  To  the  15th,  all  expressed  their  preference  for  the  poisoDS,  thoosh 
I  found  one  old  planter  .who  had  used  salt  (one  peck  to  forty  callous  of  water),  woo 
appeared  to  be  sincere  iu  the  belief  that  the  worms  bad  been  killed.  I  saw  bis  field 
about  the  middle  of  September ;  it  had  not  been  materially  damaged,  except  by  losses 
from  the  wet  weather.  To  the  16th,  all  the  answers  were  sheer  guesses,  though  the 
lowest  estimates  were  on  the  use  of  arsenic  and  London  purple  in  solution.  None 
cared  to  count  the  cost  of  the  labor  in  the  application. 

After  the  close  of  my  observations  upon  the  alluviums  of  the  Brazos  and  Colorado 
Rivers,  I  extended  my  researches  to  the  higher  and  more  undulating  sections  of  the 
West,  where  the  worms  had  worked  less  injury.  But  I  was  startled  at  the  show  of  a 
large  area  of  dead  cotton.  Those  who  owned  or  cultivated  these  lands  bad  not  the 
most  remote  conception  of  the  causes  of  this  moribund  condition  of  their  crope,  or 
what  would  conduce  to  the  defecation  of  the  soil.  The  lands  are  of  the  richest  hue, 
somewhat  limy  and  adhesive,  but  exhibiting  a  wide  spread  of  an  efflorescent  fnngns, 
snufiy  in  appearance  and  equally  destructive  to  every  form  of  plant  life.  I  trans- 
mitted some  of  this  poison,  spewed  up  from  the  earth  in  a  powdered  state,  to  yonr 
address  from  Werner,  where  I  found  it  in  large  quantities. 

I  have  made  a  faithful  effort  to  experiment  with  the  pyrethrum  powders  and  beer 
mash,  where  there  were  worms  working  upon  the  cotton ;  but  from  the  constant  rains, 
even  up  to  the  present  hour,  found  it  impossible  of  su  ccess.    None  of  the  arsenical  com- 
pounds can  be  applied  in  a  cheaper  and  more  effective  form  and  with  leas  waste  of  ma- 
terial than  by  the  agencies  presently  in  use,  though'there  may  be  improvementd  for  the 
more  rapid  distribution  upon  the  plants.    All  the  poisons  here  referred  to  have  their 
advocates,  while  the  proportions  of  each,  necessary  to  cover  an  acre  of  cotton,  will 
have  to  be  determined  by  the  conditions  of  the  weather  and  the  size  of  the  plants  in 
each  and  every  locality.    To  cotton  of  an  ordinary  growth,  in  a  dry  atmosphere,  one 
pound  of  unadulterated  arsenic,  three-fourths  of  a  pound. of  genuine  Paris  green,  one- 
half  a  pound  of  London  purple,  and  one-fourth  of  a  pound  of  arsenite  of  soda,  to  40 
gallons  of  water,  well  sprayed  on,  while  the  worms  are  young,  will  be  quite  sufficient 
for  one  acre  of  cotton.   If  the  weather  is  showery,  or  the  worms  well  grown,  one-fonrth 
to  one-half  more  of  the  poisons  may.  be  added,  depending  upon  the  strength  of  the 
material.    All  these  are'well  known  and  approved  remedies  and  the  methods  of  ad- 
mixture and  application  are  well  understood. 

It  is  impossible  that  the  ordinary  observer,  without  suitable  aid  and  much  waste  of 
time,  can  count  with  certainty  as  to  the  effects  of  any  poison  upon  the  eggB|>er  m,  he- 
cause  many  of  them  are  barren  from  other  causes,  and  if  affected  by  poisons  this  could 
not  be  determined  in  the  field ;  but  the  moment  life  is  in  the  larv€e  instinctively  thev 
begin  to  feed,  and  they  no  sooner  eat  of  the  poisoned  leaf  than  they  perish.  The  fall- 
grown  worms  do  not  appear  to  be  such  constant  feeders;  they  repose  for  hours  in  the 
day  in  playful  dalliance  with  the  comfort  of  their  BurroundlDgs,  are  extremely  slug- 
gish till  disturbed,  and  can  not  be  so  readily  destroyed. 

I  found  no  insects  affecting  the  root  of  the  cotton  plant  nor  the  square  or  involucre 
within  the  sphere  of  my  observation.  The  shedding  of  the  squares  or  forms,  to  any 
unusual  extent,  is  well  understood  to  be  due  to  extremes  of  weather,  wet  or  dry. 
Nor  has  any  insect  injuring  the  blooms  been  discovered  or  complained  of  among 
planters,  except  in  those  localities  where  the  Boll  Worm  has  made  its  appearance. 
TbAa  insect  has  not  yet  reached  the  plantations  of  this  section. 

The  views  promulgated  in  my  former  report  have  been  to  some  extent  modified  by 
my  own  observations  as  well  as  information  derived  from  authentic  sources,  and  I  have 
stated  them  with  all  candor';  and  if  a  suggestion  of  my  own  opinions,  upon  ti^e  rem- 
edies proposed  to  be  mainly  relied  on,  will  be  of  any  value  in  tne  future  treatment  ot 
this  question,  I  will  here  make  the  declaration,  as  I  am  well  coQvinoed  of  the  same, 
that  if  all  those  engaged  in  planting  would  consent  to  set  lights,  with  pans  or  trays 
filled  or  besmeared  with  aome^o\fiOTiQui&oi  adhesive  fiuid,  in  the  early  spring,  the  cotton 
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oold  be  in  a  great  measore  protected,  and  this  will  be  the  speediest  and  snrest 
of  destroying  the  mother  of  AleUa,  It  cannot  now  be  doubted  that  withoat 
ore  pot<ent  means  of  destmotion  than  those  hitherto  relied  on,  to  be  very  gen- 
f  not  nniversally  resorted  to,  these  enemies  of  the  cotton  plant  will  become 
arons  as  the  vast  flights  of  loonsts  that  descend  only  at  long  intervals  to  devour 
orm  of  tender  plant  life.  But  if  suitable  lamps,  of  simple  and  easy  oonstruc- 
ipplied-with  a  cheap  burning  fluid  of  convenient  access,  were  supplied,  I  be- 
ley  would  be  very  generally  used,  if  they  could  receive  the  indorsement  of  the 
t  scientist.  It  is  needless  for  me  to  designate  the  man,  as  there  is  but  one 
»  promineAt  in  aU  the  beneflcenoe  of  all  his  skilled  labors  that  none  can  mis- 
s  identity.  If,  then,  the  Government  of  the  United  States  conld  be  prompted 
t  in  the  movement,  as  they  wonld  or  could  in  fiEUXiine  or  pestilence,  we  should 
low  AUfHa  only  through  its  simple  but  exact  history,  recorded  in  your  Bulletin 

nethod  here  so  urgently  recommended  is  simple,  inexpensive,  and  in  no  wise 
cial  to  health  nor  endanflrering  life.  It  is  no  longer  a  matter  of  theory,  but  a 
al  test  so  laigelv  indorsed  by  public  sentiment  tlu^t  none  will  be  found  to  gain- 
full  and  faitnrnl  promise. 

le  planters  sav,  **  Give  us  brilliant  and  elevated  lights  with  resorbent  reservoirs 
9  earliest  flight  of  the  female  moth  will  be  attracted  to  these  lights,  where  it 
sure  to  meet  destruction*^' 

lews,  thus  presented,  are  largely  influenced  by  the  certain  hypothesis  that 
»ths  remain  in  the  extreme  Southern  cotton  belt  during  the  winter,  and 
le  chrysalids  do  not  seek  an  undergrouud  hibernation,  and  hence  the  main 
ment  to  this  mode  of  warfare  is  removed.  But  should  a  few  of  the  breeders 
the  tnps  set  to  catch  them  there  will  be  less  difficulty  in  reachinff  them  with 
BODS.  If  the  aid  suggested  could  only  be  made  a  free  offeriuff  to  the  poor,  the 
dependent  class  of  planters  would  supply  themselves  and  would  willingly  aid  in 
rk  of  deetmctioD.  Cotton-planting  can  never  be  made  a  thorough  success  till 
tural  enemy  of  the  plant  is  entirely  sabdued  or  rendered  less  aggressive  bj 
ig  out  its  numbers  in  some  more  effective  and  less  expensive  manner  than  is 
I  oy  the  poisonous  compounds, 
sctfully  submitted, 

WILLIAM  J.  JONES. 

C.  V.  RiLBT. 
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RBPOETS  OF  CONSULS  AND  CONSULAR  AGENTS  ON  THE 
COTTON  CROP  AND  ITS  ENEMIES  IN  MEXICO,  CENTRAL 
AND  SOUTH  AMERICA,  AND  THE  WEST  INDIES. 

[In  paiBaing  tbe  study  of  the  insects  affecting  the  cotton  plant,  as  ordered  by  Con- 
RTess,  and  especially  of  the  Cotton  Worm  (Aletia  xylina^,  we  foond  that  it  was  abso- 
Uitely  necessary,  for  the  solution  of  some  of  the  more  important  questions,  to  get  a 
l>etter  knowledge  than  we  had  been  able  to  acquire  of  cotton  culture  and  the  worsiiig 
c»€  this  insect  in  Central  and  South  America,  as  also  in  the  West  Indies  and  other 
foreign  countries.  It  occurred  to  us  that  the  United  States  consuls  at  yarious  points 
might  fpre  the  Commission  yaluable  aid  in  this  part  of  its  work  if  a^pUed  to  for  in- 
formation. We  therefore  prepared  the  accompanying  letter  of  inquiry,  which  was 
officially  Iransmitted  through  the  Secretary  of  the  Interior,  in  October,  1879,  to  our 
Donsnls  at  the  foHowins  ^ints,  with  the  request  that  they  reply  through  the  Depart- 
oaent  to  the  best  of  their  ability  and  at  as  earljir  a  date  as  possible:  Vera  Cruz, 
Xehuantepec,  Tampico,  Tuzpan,  Mazatlan,  Manzanillo  (Mexico) ;  Merida,  Campeachv, 
Belize  (Honduras) ;  Carthagena,  Maracaibe,  Bogota  (United  States  of  Colombia; ; 
Barcelona  (Venezuela) ;  Trinidad,  Barbadoes,  Martinique  (West  Indies) ;  Parik,  Per- 
Kiambuco  and  Bahia  (Brazil). 

CIBCULAR  UETTER. 

DsAB  Sib  }  The  United  States  Entomolosical  Commission  is  now  making  a  thorough 
«tady  of  the  insects  affecting  the  Cotton  plant,  and  especially  of  the  Cotton  Worm  in 
i^e  United  States,  and  desires  to  get  facts  and  statistics  regarding  Cotton  culture  and 
"the  insect  enemies  of  the  plant  in . 

Ton  are  respectfully  requested  to  send  to  Prof.  C.  V.  Biley,  through  the  Depart- 
luent,  such  fisbcts  as  you  can  obtain  on  the  following  points: 

1. — ^To  what  extent  is  cotton  grown  and  what  are  the  peculiarities  of  culture  f 

2. — ^What  are  its  worst  insect  enemies  f 

3.— Does  the  Cotton  Worm  or  Cotton  Caterjpillar  (Anamis  xuUna,  Say,  a  green  looping 
worm  Willi  white  lines  and  black  dots  encircled  with  white)  attack  itf  and  if  so, 
give  its  habits,  especially  during  the  winter  months. 

4. — Has  this  worm  always  been  in  the  country,  or  is  it  believed  to  be  an  importa- 
tion f 

5. — How  long  has  cotton  been  grown  in and  does  it  grow  wild  f 

e.—What  is  the  preyailing  direction  of  the  wind  during  the  months  of  March,  April, 
June,  and  July  f 

7. — ^Transmit,  if  possible,  in  alcohol,  specimens  of  the  worm  most  destructiye  to  the 
plant. 

The  following  replies  indicate  the  extent  of  the  information  obtained  by  the  aboye 
means:] 


Departheio'  of  Statb, 
Wiuhingtonf  December  18,  1879. 

Sir  :  I  have  the  honor  to  transmit  herewith,  for  your  information,  a  copy  of  dis- 
patch No.  114,  of  date  Noyember  the  22d,  in  relation  to  the  culture  of  cotton,  from 
the  vice-consul  of  the  United  Stated  at  Merida,  Mexico. 
I  have  the  honor  to  be,  sir,  your  obedient  servant, 

WM.  M.  EVAKTS. 
The  Hon.  Cabl  Schttrz, 

Secretary  of  the  Interior. 
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No.  114.]  United  States  Coksui^te  at  Mebida, 

November  2Slf  1879. 

Sir:  I  have  the  honor  to  ackoowled^e  receipt  of  yoor  di^atch  of  October  13, 1879. 
haviD^  received  the  inclosed  copy  of  toe  letter  from  the  Chief  of  the  Entomological 
Commission,  addressed  to  the  Honorable  the  Secretary  of  the  Interior,  and  in  compli- 
ance with  the  contents  of  said  letter,  I  beg  leave  to  ^ive  the  following  information: 

The  onltnre  of  cotton  is  very  little  here :  it  is  cultivated  only  in  the  sontheni  part 
of  this  city,  and  in  very  small  quantity.    It  grows  to  the  extent  of  12  feet. 

No  other  insect  enemies  of  the  cotton  plant  are  known  but  ita  worms,  and  this 
worm  is  exactly  as  mentioned  in  the  letter,  that  is,  a  green  worm  with  white  lines  and 
black  dots. 

This  worm  is  always  on  the  cotton  leaf,  and  there  is  no  doubt  that  by  eating  the  leaf 
greatly  helps  to  kill  the  plant.  He  does  not  touch  the  acorn  of  the  cotton,  as  he  re- 
mains always  on  the  leaf.  If  possible  by  next  opportunity  I  will  send  specimens  in 
alcohol. 

''  Cotton  has  been  growing  here  for  more  than  sixteen  years,  and  grows  wild,  bnt  is^ 
inferior  to  the  plant  cultivated. 

The  prevailing  directions  of  winds  during  the  months  of  March,  April,  Jane,  and 
July,  are  generally  breeze  and  southeast. 

Ally  more  information  that  I  may  have  about  the  Cotton  Worm  and  the  insect 
enemy  of  this  plant,  I  will  transmit  immediately.* 
I  am,  Sir,  your  obedient  servant, 

M.  CEBALLOS, 
United  Stntea  Vioe-Cinml 

Hon.  W.  Hunter, 

Second  Assistant  Secretary ,  Washingtonf  D.  C. 


No.  22.]  United  States  Conbui^tb  at  Tamfioo, 

November  25,  1879. 

Sir  :  I  have  to  acknowledge  receipt  of  your  separate  dispatch  dated  October  13, 
1879,  and  inclosing  a  copy  of  a  letter  from  the  Chief  of  the  Entomological  Commission, 
addressed  to  the  Honorable  the  Secretary  of  the  Interior,  under  date  of  October  6, 1879. 

In  pursuance  of  your  instructions  I  answer  as  follows,  and  in  their  respective  order 
to  the  points  as  given  in  the  letter  aforesaid,  to  wit : 

1.  Cotton  has  never  been  grown  to  any  extent  in  this  district ;  however,  the  several 
attempts  made  at  its  culture  have  proved  agricultural  successes.  The  plant  is  known 
to  keep  four,  sometimes  five  years^  producing  a  first  crop,  which  for  its  superior  qual- 
ity might  be  classed  middling  fair.  The  successive  crops  declining  in  quality  and 
quantity.    Two  crops  can  be  gathered  in  eighteen  months. 

2.  Besides  the  caterpillar,  'which  is  said  to  be  larger  than  that  of  the  United  States, 
the  plant  here  has  another  very  destructive  enemy  in  the  large  brown  emmet,  com- 
monly named  here  arriera, 

3.  The  cateipillar  invades  the  cotton  fields  of  this  country  in  about  the  same  man- 
ner as  in  the  United  States.  The  worm,  if  I  am  correctly  informed,  is  of  a  dark  green 
color,  with  Jet  black  eyes;  is  larger  than  ours  and  with  no  white  lines  nor  black  dots. 
It  generally  apjiears  in  the  dry  season. 

4.  The  worm  is  not  believed  to  be  imported,«it  being  known  to  exist  in  this  coun- 
try ever  since  the  cotton  plant  was  discovered. 

5.  The  plant  was  fonnd  growing  wild  by  the  Spanish  conquerors. 

6.  The  wind  generally  prevails  in  the  easterly  direction  (sea  breeze)  all  the  year 
round  in  this  district.*  In  the  winter  months  it  is  occasionally  visited  by  strong 
northers. 

7.  I  have  already  written  for  a  specimen  of  the  worm,  which  will  be  forwarded  as 
soon  as  practicable.* 

I  am,  sir,  your  obedient  servant, 

AUGUSTUS  J.  CASSARD, 

United  States  Ckmsul 
-  Hon.  W.  Hunter, 

Second  Assistant  Secretary  of  State,  Washington,  D,  C. 


No.  41.]  United  States  Consulate,  Martinique, W.  I.. 

December  II,  1879. 

Sir:  I  have  received  your  communication  of  October  13, 1879,  inclosing  a  copy  of  a 
letter  from  the  Chief  of  the  Entomological  Commission  seeking  information  relating 
to  the  cotton  plant. 

In  reply,  I  respectfully  beg  leave  to  inform  the  Department  that  I  have  made  in- 
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quiries  in  varione  directions  with  the  following  result,  viz :  CcFtton  is  not  cultivated 
to  auy  extent  in  Martinique.  There  is  not  a  cotton  plantation  upon  the  island ;  there 
are  only  a  few  trees  heiv  and  there,  and  these  ^ow  wild  upon  the  southern  part  of 
the  island.  Its  worst  insect  enemy  is  a  green-looking  worm  with  white  points  on 
either  side.  I  am  told  that  this  worm  has  been  here  since  the  first  cultivation  of  cot- 
ton upon  the  island.  The  prevailing  direction  of  the  wind  during  the  months  of  March, 
April,  June,  and  July,  is  east-northeast. 

I  am  sir,  very  respectfully,  your  obedient  servant, 

W.  H.  GARFIELD, 
United  States  CansuL 
To  the  Honorable  Assistant  Secretary  of  State, 

Washington,  D,  C. 


Consulate  of  the  United  States  of  America, 

Tnnidad,  B,  W,  7.,  December  20,  1879. 

Sir  :  I  have  the  honor  to  acknowledge  the  receipt  of  your  circular  of  October  6th, 
on  the  11th  instant,  and  in  reply  would  state  that  I  have  made  inquiries  of  the  Gov- 
ment  botanist,  and  am  informed  that  cotton  is  not  cultivated  on  this  island,  and  that 
the  worm  mentioned  is  unknown  here. 

The  prevailing  wind  during  the  months  of  March,  April,  June,  July  is  from  the 
east. 

I  am,  sir,  your  obedient  servant, 

FULTON  PAUL, 
United  States  C<msul. 
Hon.  Carl  Schurz,. 

Secretary  of  the  Interior^  WcuMngton,  D,  C. 


No.  96.]  United  States  Consulate  at  Manzanillo,  Mexico, 

December  26,  1879. 

Sir  :  In  compliance  with  instructions  contained  in  your  communication  dated  No- 
vember 26,  including  letter  of  inquiry  from  the  United  States  Entomological  Com- 
mission, transmitted  through  circular  of  the  Department  of  the  Interior,  under  date 
of  October  6,  I  now  have  the  honor  to  submit  the  following  report  upon  the  culture 
of  cotton  in  this  state,  and  also  upon  the  insect  enemies  affecting  this  plant : 

1.  The  tracts  of  land  suitable  to  the  culture  of  cotton  in  the  vicinity  of  this  port, 
and  pertaining  to  the  dependencies  of  this  consulate,  embrace  from  2«^>,000  to  35,000 
acres,  of  which  from  6.000  to  7,000  acres  are  actually  cultivated  with  cotton.   ^ 

The  time  for  planting  commences  about  the  1st  of  October,  just  after  the  severe 
storms  of  the  rainy  season  have  passed. 

The  plant  begins  to  blossom  abont  the  middle  of  December,  and  high  lands  are 
ready  to  be  harvested  about  the  15th  of  April.  The  picking  season  lasts  irom  one  and 
a  half  to  two  months. 

The  culture  is  conducted  in  the  most  primitive  way.  Plows  are  not  used.  The  land 
is  never  manured,  there  being  no  need  of  it. 

A  piece  of  land  is  cleared  off;  the  timber  and  brush  burned,  and  com  planted. 
About  the  1st  of  October  the  rows  between  the  com  are  cleared  and  the  planting  of 
cotton  commences. 

The  seed  is  soaked  for  two  or  three  hours  in  water,  and  planted  with,  the  aid  of  an 
instrument  similar  to  our  hoe,  termed  here  *Uarecua.''  As  soon  as  grass  comes  up 
between  the  rows  it  is  chopped  down  with  this  same  instrument,  a  work  which  has 
to  be  performed  three  or  four  tijnes  on  old  lands  and  but  once  on  new  lands. 

The  greater  portion  of  land  under  cultivation  is  new,  perfect  virgin  soil,  the  pro- 
portion bein^  one-fourth  old  and  three-fourths  new  lands.  After  a  leld  yields  three 
fair  crops  it  is  generally  abandoned  and  new  lands  cleared  off. 

In  favorable  seasons  (warm,  sunny  weather)  from  18,000  to  20,000  quintals  clean 
lint  are  raised.  In  bad  seasons  the  total' crop  here  averages  from  4,000  to  5,000  quin- 
tals. The  average  yield  of  an  acre  is  1,000  pounds  cotton  in  seed ;  yet  favorable  spots 
have  yielded  as  much  as  2,500  pounds  in  seed  to  the  acre. 

2.  A  small  white  worm  destroying  the  young  fruit  or  cotton  boll  is  considered  here 
the  most  injurious  insect.  It  enters  the  boll  wnen  quite  small,  the  mark  left  where  it 
made  its  entrance  being  hardly  perceptible,  not  larger  than  the  point  of  a  pin.  The 
worm  grows  with  the  boll,  eats  the  inside  pulp,  and  causes  the  boll  to  drop  off.  Fre- 
quently the  worm  cannot  devour  the  whole  contents  of  the  boll,  and  in  this  case  only 
one  'or  two  sections  are  destroyed,  and  the  boll  matures.. 

It  seems  that  the  development  of  this  bdll  worm  is  greatly  influenced  by  the  weather. 
I  have  observed  that  during  cloudy  and  moist  weather  in  January  and  February  the 
boll  worm  abounds  on  old  lands,  causing  great  damage,  whilst  abundant  sunahlae 
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and  clear,  dewy  night-s  during  those  mouths  seem  to  protect  the  plantations  agaiosl 
the  ravages  of  this  iDsect.  The  Mexican  farmers,  aware  of  this  fact,  have  dvenUie 
hoU  worm  the  name  of  ''Chahaistle,"  which  is  an  Indian  word  for  clondy,  misty 
weather. 

The  damage  caused  by  this  worm  on  new  lands  is  small ;  also  on  old  lands  where 
the  plant  has  been  set  wide  apart,  say  from  8  to  9  feet. 

I  therefore  draw  from  these  observations  the  following  conclusions,  viz:  Thelarvo 
deposited  by  the  moth  on  the  ground  remains  there  from  eight  to  nine  months, 
the  young  worm  appearing  just  at  the  time  when  the  cotton  plant  throws  out  the 
bolls. 

Plowing  and  thorough  tilling  should  be  a  preventive  against  this  worm.  Suony 
weather  destroys  it.  Setting  the  plants  wide  apart,  at  least  6  feet,  would  allow  the 
sun  to  heat  the  ground,  and  must  be,  in  my  opinion,  beneficial. 

:{.  The  larger  worm,  or  caterpillar  (Anomis  xylina)  has  made  its  appearance  on  this 
coast  three  times  during  the  last  twenty  years :  in  1866,  in  1873,  and  again  in  1878.  It 
is  a  dark-green  looping  worm,  with  white  and  black  lines,  and  destroys  (be  cottoa 
plant  by  devouring  the  leaves.  It  is  as  yet  impossible  for  me  to  find  out  the  origin 
or  even  habits  of  this  worm.  I  have  investigated  the  supposed  causes  of  its  appear- 
ance, but  without  success ;  the  farmers  here  have  not  the  slightest  idea  abont  it  Ad 
apparent  coincidence  between  the  appearance  of  this  plague  and  overflooding  of  rivers 
in  the  cotton  regions  should  be  mentioned  here. 

September,  1865.    High  floods;  complete  inundation  of  cotton  lands. 

February,  1866.  Appearance  of  the  caterpillar  in  small  numbers,  not  causing  macb 
damage. 

September,  1872.  Floods ;  partial  inundation  of  cotton  lands ;  high  lands  and  ridges 
in  the  valleys  not  flooded. 

February,  1873.  Appearance  of  the  plague  and  total  destruction  of  cotton  planta- 
tions. 

September,  1878.     Hi^h  floods ;  complete  inundation  of  cotton-growing  valleys. 

February,  1879.    Partial  plague ;  small  damage  done  by  the  caterpillar. 

4.  In  answer  to  question  4  I  would  refer  to  above  statements.  I  draw  from  tbem 
the  opinion  that  the  worm  has  not  been  imported  into  Mexico,  but  originates  in  the 
cotton  valleys  in  such  seasons  when  the  peculiar  condition  of  the  soil  and  climate 
combine  to  favor  the  development  of  larves  brought  down  by  floods  from  the  moan- 
tain  lands. 

The  cotton  lands  in  this  vicinity  are  bounded  on  the  west  by  the  Pacific  Ocean,  on 
the  east  by  high  jnountains,  la  **  Sierra  Madre ; ''  on  the  north  and  south  by  dense 
woods  and  tracts  of  uncultivated  lands.  These  circumstances  ptesent  a  great  many 
obstacles  to  the  flight  of  the  cotton  moth.  The  nearest  cotton  plantations,  as  well  to 
the  northward  as  to  the  southward,  are  at  a  distance  from  Manzanillo  of  at  least  100 
miles. 

Cotton  has  been  grown  in  the  State  of  Colima  for  the  last  fifty  years.  It  does  not 
grow  wild,  but,  if  abandoned,  some  plants  grow  up  to  good-sized  trees,  bearing  fruit 
regularly  every  year.  • 

b.  The  directions  of  prevailing  winds  on  this  coast  are  the  following,  viz:  January, 
south  and  west ;  February,  west  and  northwest ;  March,  west  and  northwest ;  April, 
northwest;  May,  northwest;  June,  south  and  northwest;  July,  south  and  west;  Au- 

fust,  south  and  west ;  September,  south  and  west ;  October,  south  and  west ;  Novem- 
er,  south  and  west ;  December,  south  and  west. 

The  northwest  and  west  winds  blow  generally  during  the  day ;  at  night  these  winds 
change  to  the  north  and  northeast. 

I  give  the  prevailing  winds  for  the  whole  year,  as  our  planting  and  picking  seasons 
here  are  difierent  from  those  in  the  United  States. 

7.  It  is  not  possible  for  me  at  present  to  remit  specimens  of  inseota  that  attack  the 
cotton  plant,  out  reserve  myself  the  privilege  to  do  so  in  February  next — the  time 
when  these  different  insects  make  their  appearance  here.* 
I  am,  sir,  your  obedient  servant, 

AUGUSTUS  MORRILL, 

United  States  dmsul 
Hon.  William  Hunter, 

Second  Assistant  Secretary  of  State,  Washingtonj  D.  C. 


No.  77.]  Consulate  of  thb  United  States, 

MaMatlan,  December  3,  1879. 

Sir  :  I  beg  to  respectfully  acknowledge  receipt  of  communication  dated  October  13, 
1879,  inclosing  a  copy  of  a  letter  from  the  Chief  of  the  Entomological  Commissioo 
addressed  to  the  Honorable  the  Secretary  of  the  Interior,  under  date  of  October  6, 1879^ 
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ji  which  information  touching  the  production  of  cotton,  and  the  attack  of  the  Cot- 
:on  Worm  and  other  insects  upon  the  plant,  in  Central  and  South  America,  is  requested 
!br  the  use  of  the  Commission ;  and  desiring  a  report  on  the  subject  to  be  sent  to  the 
State  Department  for  transmission  to  the  Commission. 

I  beg  to  inclose  herewith  such  information  as  I  have  been  able  to  secure,  and  sug- 
^ting  that  the  consul  at  Acapulco  may  be  able  to  sive  more  particular  and  valuabTe 
nformation,  from  the  fact  that  a  large  amount  of  tne  cotton  used  in  the  cotton  mills 
>f  this  State  comes  from  his  consular  district. 

1.  Cotto|i  is  not  grows  to  any  considerable  extent  in  this  consular  district  on 
iccount  of  the  uncertainty  of  the  crop,  as  much  through  rains  as  through  the  attacks 
)f  insects.  The  production  is  not  sumcient  for  the  three  cotton-mills  in  operation  in 
ihis  State. 

Cotton  is  planted  in  August  and  September,  about  4  feet  apart,  receives  but  little 
attention ;  is  gathered  during  the  months  from  December  to  May,  giving  about  40 
Skrrobas  (25  pounds)  to  the  acre,  and  selling  at  $1.25  to  $1.50  the  arroba  of  seed-cotton. 
Labor  costs  from  50  to  75  cents  per  diem. 

2.  The  Cotton  Worm,  or  as  known  here  by  the  name  of  «the  Army  Worm,  the  Bud 
Worm,  and  the  Boll  Worm,  are  the  worst  insect  enemies. 

3.  The  regular  Cotton  or  Army  Worm  attacks  the  cotton  plant  every  year,  but 
about  once  m  four  yearsJs  verv  destructive.  It  appears  to  be  deposited  by  a  ny  on 
the  under  side  of  the  leaf,  which  rolls  up  and  in  a  few  days  the  worm  of  about  2  inches 
appears.    During  the  winter  months  it  disappears. 

4  and  5.  Cotton  was  first  introduced  into  this  State  in  1863  by  an  American,  Mr. 
Francis  Nolan ;  was  produced  from  seed  brought  from  the  State  of  Guerrero.  It  does 
not  grow  wild  in  this  State.  The  first  years  but  little  trouble  was  experienced  from 
the  Cotton  Worm,  but  each  year  they  have  given  more  trouble,  especially  if  cotton 
is  planted  again  ou  the  same  ground. 

6.  The  prevailing  direction  of  the  wind  during  the  months  from  March  to  July  is 
from  the  east  in  the  morning,  and  from  the  southwest  in  the  afternoon. 

7.  I  have  requested  specimens  of  the  above-mentioned  insects,  and  will  forward  to 
the  Department  of  State  as  soon  as  received.* 

I  have  the  honor  to  be,  sir,  your  obedient  servant, 

E.  G.  KELTON, 

United  States  dmauh 
Hon.  William  Hunter, 

Second  AsBistant  Secretary  of  StatCy  Washtngtonj  D.  C. 


No.  193.]  United*  States  Qonsulate, 

Bahia,  January  12,  1880. 

Sir  :  I  have  the  honor  to  acknowledge  the  receipt  at  this  consulate,  on  the  29th  of 
December  ultimo,  of  dispatch  from  the  Department  of  State  dated  October  13,  1879, 
inclosing  a  copy  of  a  letter  from  the  Chief  of  the  Entomological  Commission  to  the 
Hon.  Secretary  of  the  Interior,  requesting  information  in  regard  to  the  produc- 
tion of  cotton  in  this  consular  district,  and  the  attack  of  the  Cotton  Worm  and  other 
Insects  upon  the  plant ;  and  in  reply  have  most  respectfully  to  report  upon  the  par- 
ticular points  stated  upon  which  information  is  requested,  as  follows : 

1.  Cotton  is  not  grown  at  present  to  any  considerable  extent  in  this  province,  and 
baa  ceased  to  be  an  article  of  exportation.  The  cultivation  is  simple  in  the  extreme, 
requiring  little  care  or  attention,  but  owing  to  the  distance  from  this  port  of  the  cot- 
ton-producing districts  the  cultivation  has  long  since  ceased  to  be  remunerative. 

2.  The  insect  enemies)  of  the  cotton  plant  which  particuiarly  attack  it  consist  of 
two  species  of  moths,  which,  in  the  form  of  worms  or  caterpillars,  prey  upon  its  leaves 
md  stalk,  as  also  the  cotton  pod  itself.  It  is  also  attacked  by  a  peculiar  species  of 
bug,  specimen  of  which  is  forwarded,  and  bv  the  grasshoppers,  which  commit  great 
ravages  upon  the  foliage  and  the  tender  stalk. 

3.  The  Cotton  Worm,  as  described  by  Professor  Riley,  is  somewhat  different  from 
the  worm  in  this  province,  differing  in  color  and  other  respects,  but  it  no  doubt  is  in 
reality  of  similar  character. 

The  Cotton  Worms  of  this  Province  are  produced  by  moths  laying  their  e^gs  in  the 
leaves  and  young  buds  of  the  cotton  plant,  which  become  worms  and  caterpillars  and 
feed  upon  the  cotton  until  transformed  again  into  moths.  The  ravage  committed  by 
them  is  greater  in  the  dry  or  summer  months,  say  September,  October,  November, 
uid  December. 

4.  The  so-called  Cotton  Worm  is  believed  to  have  been  always  in  the  country  and 
Dot  imported. 


The  specimens  were  Aletia. — C.  V.  R. 
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5.  Cotton  has  been  grown  in  this  part  of  Brazil  for  as  long  a  time  as  any  other  pro- 
duction, and  it  is  also  found  growing  wild. 

6.  The  prevailing  direction  of  the  wind  during  the  months  of  March,  April,  Jnse, 
and  July  is  easterly,  yarying  from  northeast  to  southeast. 

7.  I  transmit  herewith  separately  in  a  box  the  following  specimens:" 

(1)  Cotton  leaves  with  chrysalis  of  Xylina  {Nootua). 

(2)  LarviB,  or  caterpillar  of  the  same  insect,  which  changes  from  a  green  to  slight- 
red  color,  formed  by  different  colored  lines  rnnnine  orossways,  when  it  attains  itsM 
state  of  maturity.  The  larger  of  these  worms  feeds  upon  the  leaves;  the  small  apon 
the  buds  of  the  cotton  plant. 

(3)  The  butterfly  of  the  same  larve. 

(4)  Cotton  buds  destroyed  by  the  moths  containing  the  larvse  and  chrysalis,  some 
of  which  have  already  been  transformed  into  moths. 

(5)  Several  larvsB  of  the  same  and  one  cotton  bus. 

(6)  Cocoons  formed  from  cotton  by  the  larvee  in  the  interior  of  the  buds. 

(7)  Another  species  which  preys  upon  the  cotton  seed  ini§iide  the  pod. 

(8)  A  drawing  of  the  worm  before  its  color  changes. 

I  have  the  honor  to  be,  Sir,  with  high  respect,  your  obedient  servant, 

BICH'D  A.  EDE8, 

Hon.  William  Huntbr, 

Second  Asaiatani  Secretary  of  State,  Waahingionf  D,  C, 


No.  40.]  United  States  CoBfMXRciAL  AoBNCY, 

Maraeaibo,  Feibruary  18, 1880. 

Sib  :  In  answer  to  your  dispatch  of  October  13, 1879,  requesting  particulars  sboat 
the  cultivation  of  cotton  in  this  country  and  the  prevalence  here  of  worms  and  other 
insects  which  attack  the  cotton  plant^  for  the  information  of  the  Entomological  Com- 
mission, I  beg  to  state  that  having  given  the  matter  my  careful  attention,  I  sm  now 
enabled  to  answer  the  questions  put  in  the  document  referred  to,  in  their  turn. 

1.  Cotton  has  been  grown  in  the  State  of  Zulia,  one  of  the  sovereign  States  of  the 
Bopublio  of  Venezuela,  and  more  so  in  the  nelghfborhood  of  Marac^bo.  some  ten  or 
fifteen  years  ago.    It  was  raised  to  a  large  extent  in  small  as  well  as  in  large  qosnti* 
ties  and  everybody  took  to  it.    Some  foreign  houses  advanced  large  snms  to  native 
growers  in  order  to  establish  cotton  for  export.    The  quality  produced  was  very  good 
and  sold  well  in  America  (the  United  States)  and  in  Europe,  but  the  revolutionsVnich 
broke  out  caused  whole  crops  to  be  lost,  as  they  could  not  get  hands  enough  to  gather 
the  cotton  in  time,  and  the  parties  who  had  invested  larse  sums  in  its  cultivation  got 
discouraged  in  consequence  of  the  losses  incurred  and  gave  it  up  entirely,  and  no 
one  has  ever  made  another  attempt  to  raise  it  again.    The  general  opinion  was,  and 
is  still  now,  that  it  does  not  pay  to  raise  cotton  on  a  large  scale,  on  account  of  the 
scarcity  of  labor  available  to  gather  in  the  crop  in  the  proper  time..   This,  however, 
is  not  the  result  of  a  paucity  of  population,  but  rather  tiie  consequence  of  a  state  of 
things  which  enables  the  laborers  to  live  on  so  little,  that  the  necessity  to  work  con- 
tinuously, such  as  it  is  required  for  the  profitable  carrying  on  of  a  cotton  property, 
ceases  entirely  under  ordinary  circumstances.    They  would  only  do  so  when  oriven 
by  extreme  necessity  or  induced  by  such  disproportionately  high  wages  as  would  raise 
the  cost  of  growing  the  cotton  beyond  the  possibility  of  making  any  profit.    The 
wages  referred  to  in  those  times  were,  in  addition  to  the  daily  rations,  wnich  cannot 
be  furnished  for  less  than  thirty  cents  per  day  for  one  man,  $6.40  per  month,  making 
a  total  disbursement  of  (15.40  per  month  for  the  labor  of  ona  man,  or  about  (20  of  the 
money  of  the  country. 

As  the  people  of  this  country  are  naturally  very  slow  to  work,  and  cannot  be  in- 
duced to  take  task  work,  the  maximum  quantity  of  cotton  picked  by  one  man  has 
been  calculated  never  to  exceed  100  pounds  per  day,  which,  at  the  prices  for  labor 
before  mentioned,  is  out  of  all  proportion  to  tbe  price  obtained  for  the  cotton,  and 
causes  such  an  undertaking  to  prove  a  losing  concern.  The  soil  of  this  district  is  as 
favorable  to  the  growth  of  cotton  as  the  climate,  which  is  rather  dry,  and  then  are 
two  crops  in  the  year,  one  in  July  and  the  other  in  December,  the  plants  producing 
at  both  times  in  abnndance.  The  land  itself  is  of  little  value  and  the  expenses  are 
only  those  of  cultivation.  There  wore  several  large  haciendas  raising  couon  in  the 
neighborhood,  but  they  are  now  lying  waste  and  the  machinery  is  ruating  and  spoil- 
ing. 

2.  That  the  worst  enemy  of  the  cotton-plant  is  the  caterpillar.  There  are  two  dis- 
tinct kinds.  One  is  green  and  rather  small  and  the  other  kind  has  a  green  belly  and 
a  yellowish  back  with  brown  stripes.  There  is  also  a  kind  of  ant,  which  injures  tho 
cotton-plant  by  making  its  nest  under  the  roots,  causing  the  stem  to  dry  up  entirely. 
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3.  Tlie  caterpillars  generally  appear  in  spring  time,  that  is  to  say,  in  February  and 
liarcb,  and  at  times  m  snch  quantites  that  they  succeed  in  destroying  whole  plan- 
■atioDs  of  cotton.  If,  however,  the  rainy  reasons  continue  a  short  time  beyond  their 
isnai  period,  they  are  almost  all  destroyed  by  the  rains. 

4.  Tneae  caterpillars  have  been  known  ever  since  the  first  time  that  cotton  was  raised 
lere,  and  so  far  as  I  can  gather  from  information  received,  are  indigenous  to  the  country 
uid  in  no  way  imported  from  elsewhere. 

5.  Cotton  has  been  cultivat(>d  here  for  the  first  time  fiome  fifteen  years  ago.  Up  to 
liat  time  it  was  known  to  grow  wild  .all  over  the  country,  producing  a  very  good 
luality  of  cotton  and  now  since  the  cultivation  has  been  totally  abandoned,  it  con- 
iinnes'to  grow  wild  without  the  least  care,  without  any  deterioration  in  quality,  as 
nay  be  seen  from  the  sample  sent.  What  little  cotton  is  gathered  now  from  the 
slants  growing  wild  fetches  a  price  of  $3.20  per  100  pounds  uncleaned,  and  as  it  takes 
bbout  350  pounds  of  crude  cottou  to  produce  100  pounds  of  clean  cotton,  the  price  in 
addition  to  the  cost  of  cleaning  would  amount  to  such  a  height  as  to  put  the  possi- 
jility  of  exporting  it  entirely  out  of  the  question. 

6.  The  elevation  of  the  lands  on  which  cotton  has  been  grown  here  above  the  level 
>f  the  sea  is  fn>m  50  to  100  feet,  and  the  winds  that  prevail  in  that  part  of  the  country 
are  north-northeast  and  south-southeast. 

7.  In  compliance  with  your  request  I  send  a  bottle  with  specimens  of  the  caterpil- 
lars in  question,  as  well  as  a  bag  with  samples  of  crude  cotton,  gathered  in  the  vicin- 
Ity  of  this  town,  where  the  plants  grow  wild,  as  referred  to  in  the  above  report.® 

The  samples  of  cotton  and  the  caterpillars  will  be  forwarded  by  the  first  sailing 
vessel,  the  Alcira,  for  New  York,  which  will  leave  in  about  ten  days,  to  save  ezi)en8es. 
Hoping  that  this  r^ort  may  be  of  some  benefit,  I  have  the  honor  to  remain, 
Tour  most  obeaient  servant, 

E.  H.  PLUMACHER, 

CofumercUil  Agtunt, 
Bon.  William  Hunter, 

Seoond  AdHstant  Secretary  of  State,  WashingUm,  D.  C. 


No.  347.]  U.  S.  Consulate, 

Vera  Crtutj  Mareh  3,  1880. 

8iR :  On  the  receipt  of  yours  of  October  13,  concerning  cotton  culture,  and  the 
enemies  of  the  cotton  plant,  statistical  data  on  which  for  this  district  was  asked  to 
\^  given  to  the  Entomological  Commission,  I  immediately  translated  the  seven  ques- 
tions into  Spanish,  with  a  circular  letter,  and  sent  them  to  various  prominent  persons 
who  were  recommended  to  me  as  men  well  informed  on  the  subject,  under  inquiry, 
asking  them  to  give  me  the  data  required  at  as  early  a  date  as  possible.  Some 
answered  promptly,  saying,  however,  that  it  was  too  soon  to  procure  specimens  of 
the  worms,  but  giving  no  other  response.  Yesterday  I  received  a  bottle  with  many 
specimens  in  diluted  alcohol.  This  bottle  I  transmit  for  the  use  of  the  Commission, 
and  send  also  a  translation  of  a  letter  from  Sefi.  R.  de  Zayas  Enriquez,  explanatory 
of  the  contents  of  the  bottle.  (^)  These  are  the  only  specimens  I  have  been  able  to 
obtain,  although  I  have  personally  made  some  excursions  into  cotton  districts  for 
them,  and  other  points  of  inquiry  indicated  by  the  Commission. 

QUESTIONS  AND  ANSWERS. 

1.  ''To  what  extent  is  cotton  ^rown,  and  what  are  the  peculiarities  of  culture?  " 
Answer.  In  this  consular  district  about  8,000,000  pounds  are  produced.  The  pecul- 
iarities of  culture  are  striking.  The  ground  is  prepared  by  removing  rubbisn,  and 
then  the  seed  is  planted  by  inserting  a  sharp  stick  in  the  ground  at  convenient  in- 
tervals ;  into  the  holes  thus  made  the  seed  is  deposited  and  covered  by  the  foot.  No 
plows  are  used  in  this  preparation  for  the  seed,  nor  are  they  often  useid  in  the  subse- 
quent stages  of  cultivation.  They  pull  out  the  larger  weeds  or  use  the  hoe,  confining 
their  labor  to  but  little  more  than  such.  It  is  clear  from  that  kind  of  culture  that 
the  cotton  plant  must  be  forced  into  much  bad  company,  and  be  assaulted  with  de- 
structive enemies.  After  extensive  inquiries  I  find  no  one  scientifically  informed  on 
the  full  habits  of  these  euemies. 

2.  "  What  are  the  worst  insect  enemies  f  " 

Answer.  The  Cotton  Worm,  grasshopper,  and  ant.  The  ground  mole  in  some  local- 
ities is  very  destructive. 

3.  *'  Does  the  Cotton  Worm  (described)  attack  it  f  and,  if  so,  give  its  habits,  espeo- 
ially  during  the  winter  months. 

Answer,  xes.  See  inclosed  translation  of  a  letter  from  Judge  R.  de  Zayas  Enriquez, 
vho  has  given  me  the  best  information  he  could  gather ;  but  the  Honorable  Coic^m^!^ 
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Bion  will  at  onoe  see  its  imperfections  and  inaccnracies.  It  is  a  botly-disputed  point 
as  to  what  becomes  of  the  worm  daring  the  ''six  or  eight  years"  <when  it  does  not  ap- 
pear, and  no  one  in  my  circuit  of  acquaintance  gives  me  anything  better  than  a  saper- 
stition  for  a  solution  of  the  problem.  Oar  climate  never  giving  us  frost,  scarcely 
affects  the  constant  germinal  qualities  of  plants  or  the  enemies  thereof;  and  it  has 
been  asserted  to  me  that  at  one  place  or  another  the  Cotton  Worm  can  always  be 
found.  However,  the  difficulty  I  have  experienced  in  obtaining  the  specimens  sent, 
induces  me  to  doubt  the  correctness  of  that  assertion. 

4.  ''Has  this  worm  always  been  in  the  country,  or  is  it  believed  to  be  an  importa- 
tion f" 

Answer.  It  has  been  here  as  long  as  cotton  has  been  cultivated  by  the  Mexicans. 

5.  "How  long  has  cotton  been  grown  in  Mexico,  and  does  it  grow  wildf 
Answer.  We  have  historical  accounts  that  cotton  was  grown  and  utilized  since  the 

twelfth  century,  but  have  no  data  that  it  was  or  was  not  naturally  indigenooa.  Bat 
if  said  history  be  reliable  it  is  fair  to  presume  that  it  was  indigenous,  becaase  then 
is  no  knowledge  of  commercial  relations  with  foreign  countries  at  that  period.  At 
present,  however,  there  is  no  evidence  of  its  being  indigenous  any  more  than  the  banana 
plant  or  other  produce  known  to  be  of  foreign  origin. 

6.  "  What  is  the  prevailing  direction  of  the  wind  during  the  months  of  March,  Apiil, 
June,  and  Julyf 

Answer.  Easterly  and  southeasterly. 

7.  ''Transmit,  if  possible,  in  alcohol,  specimens  of  the  worm  most  destnictiye  to 
the  plant." 

Answer.  The  specimens  I  send  I  transmit  in  the  same  condition  as  received.  I  wai 
promised  the  grasshopper  and  the  ant,  but  ,the  specimens  have  not  been  sent  to  me, 
and  I  have  been  so  far  behind  time  with  my  report  that  I  do  not  deem  it  right  for  me 
to  wait  longer  for  them.  They  devour  the  cotton  plant  in  common  with  cTery  other 
green  substance  and  are  not  a  specific  enemy  of  it.  So,  too,  of  the  ground  mole. 
Tour  obedient  servant,  « 

S.  T.  TROWBRIDGE, 

CoRni. 
Hon.  William  Huntbb, 

Second  AastBtant  Secretary  qf  State,  Waehin^gton^  D.  C. 

[Snoloflura— tranalAted.] 

Vera  Cruz,  March  2, 1880. 

Dear  Sir:  I  send  you  a  bottle  containing  various  kinds  of  worms  that  destroy  the 
cotton  and  plant.  They  are  all  I  have  been  able  to  procure.  This  is  now  the  part  of 
the  year  in  which  the  worms  usually  appear,  and  have  been  gathered  near  San  An- 
dres Tuxtla,  on  the  southern  coast  from  here. 

I  think  some  of  the  samples  I  send  yon  do  not  attack  the  plant,  but  live  on  it  with- 
out harming  it.  The  large  thick  ones  of  the  tobacco  color  with  black  half  moons  are 
of  that  species.  The  narrow  green  ones  having  two  black  lines  on  the  body  are,  in 
my  opinion,  the  only  ones  that  attack  the  cotton  plant.  You  will  see  other  samples 
of  the  caterpillar  in  the  state  of  chrysalis,  and  other  Lepidoptera.^  On  the  coast  they 
are  called  palomas  or  salomiUa  (chrysalis  or  aurelia).  Said  paloma  is  ash  color,  and 
is  nocturnal  in  its  habits;  is,  in  reality,  a  bombyx,  which  produces  a  multitude  of 
microscopic  eggs  on  the  plant,  which  eggs  create,  in  short,  the  worm,  also  microscopic, 
and  which  commences  immediately  to  devour  the  plant,  and  so  continues  until  it  gets 
to  the  state  of  euroUment  to  pass  the  last  metamorphosis. 

This  worm  is  in  my  opinion  the  Afwmie  xylina,  or  Noctua  goeeypii;  but  I  may  be  mis- 
taken. 

I  have  not  been  able  to  obtain  the  data  sufficiently  clear  to  say  whether  they  were 
imported  into  this  country,  but  I  am  assured  that  they  do  not  make  their  appearance 
every  year  at  the  same  place  ;^  or,  better  said,  they  only  come  one  or  two  years  in  suc- 
cession ;  then  disappear  for  six  or  eight  years.  They  are  not  to  be  found  in  all  the 
country  at  one  time.    Their  reproduction  is  usually  ascribed  to  our  southern  coast 

I  understand  their  invasion  can  be  victoriously  combatted  by  sprinkling  dry  chlo- 
ride of  lime  over  the  ground  and  plants,  or  an  aqueous  solution  of  the  same,  and  I 
have  recommended  this  remedy  to  those  living  on  the  coast  for  a  ^al. 

I  hope  these  data  may  be  of  utility,  and  I  improve  this  occasion  to  place  myself 
anew  at  your  orders,  repeating  myself. 
Yours  from  my  heart, 

S.  DB  ZAYAS  ENRIQUEZ. 

Consul  Trowbridge. 
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Ko.  42.]  United  States  Consulate, 

Pemambuco,  March  20,  1880. 

Sir  :  I  have  the  honor  to  transmit  herewith  my  report  to  the  Entomological  Com- 
mission on  the  cotton  culture  and  the  insects  aftecting  it  injuriously. 

I  find  it  very  difficult  to  get  any  reliable  information  on  that  subject.  One  oone- 
spondent  from  whom  I  expected  a  full  account  has  failed  ire  entirely. 

Such  as  I  have  I  forward,  fearing  that  it  will  give  but  very  little  satisfaction  to  the 
Commission. 

I  am,  sir,  your  obedient  servant, 

ANDREW  CONE, 
United  States  Consul, 
Hon.  William  Huntbb, 

Second  Assistant  Secretary  of  State,  Washington,  D,  C 

CONSOLATE  OF  THE  UNITED  STATES, 

PemamhucOf  March  18, 1880. 

Dear  Sir  :  Tour  letter  of  inquiry  in  regard  to  cotton  culture  and  the  insects  affect- 
ing it  iiignriously,  is  before  me,  ana  I  do  myself  the  honor  to  reply. 

You  say,  "  I  find  that  it  is  absolutely  necessary  for  the  solution  of  some  of  the  more 
important  questions  to  get  a  better  knowledge  than  we  have  so  far  been  able  to  ac- 
5laire  of  cotton  culture  and  the  workings  of  this  insect  in  Central  and  South  Amer- 
icsa,"  Ac.,  and  you  think  the  consuls  at  various  points  therein  mentioned  might  give 
'the  Commission  valuable  aid  in  this  part  of  its  work. 

Permit  me  to  ask,  with  all  due  deference,  whether  men  in  these  benighted  countries, 
oenturies  behind  the  United  States  in  skill,  knowledge,  and  development,  can  enlighten 
the  scientist  at  home ;  nevertheless,  I  have  done  what  1  could  and  forward  the  result. 
I  have  tried  in  vain,  through  my  Brazilian  correspondence,  so  slow  in  transmission, 
to  inform  myself  on  this  as  well  as  other. matters  relating  to  Brazil;  but  it  seems 
nearly  as  difficult  to  keep  one's  self  posted  in  the  progress  of  affairs  here  as  it  is  to  ob- 
tain information  from  the  interior  of  Asia. 

I  wish  it  were  my  luck  to  discover  all  about  the  persecutors  of  the  cotton  plant, 
and  the  remedy  for  these  pests.  I  should  be  only  too  happy  to  know  how  to  combat 
these  enemies  to  the  greater  prosperity  of  the  united  States :  to  exterminate  these 
devastators,  without  which  I  believe  the  annual  cotton  crop  of  our  country  might  be 
doubled. 

There  is  no  particular  skill  required  in  the  cultivation  of  cotton  in  Brazil.  The 
seeds  once  put  into  the  ground  will  soon  become  plants,  and  then  they  only  require 
weeding  once  or  twice  a  year,  according  to  the  season ;  the  more  rain  rendering  the 
more  weeding  necessary,  of  course. 

The  plant  m  general  use  in  these  provinces  is  the  perennial,  which  grows  into  a 
nhmb  and  produces  several  years.  The  largest  crop  is  taken  the  third  year,  when  it 
deteriorates,  and  is  not  worth  gathering  after  the  firth  year. 

The  herbaceous  is  of  a  poorer  quality,  and  is  only  used  because  it  produces 
quickly.    Neither  variety  is  indigenous  to'  the  soil  of  Brazil. 

As  to  the  culture  of  cotton  in  Pemambuco  and  the  other  provinces  subject  to  this 
consulate,  viz.,  Ceara,  Rio  Grande  do  Norte,  Parabiba,  and  Alap^oas^  no  correct  esti- 
mate can  be  given  of  the  amount  of  land  or  acreage  under  cultivation.  No  planter 
or  owner  of  a  fazenda  ever  knows  how  many  acres  of  land  he  possesses  or  how  much 
land  constitutes  an  acre,  but  owns  what  is  embraced  in  certain  metes  or  bounds. 

The  cultivation  of  cotton  is  rapidly  decreasing  here,  the  price  being  too  low  and 
the  export  duties  too  exorbitant  for  a  profitable  business. 

The  number  of  bales  entered  at  the  port  of  Pemambuco  for  the  year  ending  Sep- 
tember 30,  1872,  was  335,180  bales  of  about  180  pounds  each,  while  the  numoer  of 
bales  entered  for  the  year  ending  September  30,  1879,  was  only  30,  168,  planters  hav- 
ing turned  their  attention  more  to  the  cultivation  of  sugar-cane,  which  pays  them 
better. 

Most  of  the  districts  of  the  different  provinces  are  adapted  to  the  cultivation  of 
cotton  even  on  the  serras,  where  there  is  abundance  of  rain.  It  will  g^w  on  almost 
any  soil,  but  to  the  greatest  perfection  in  yellow  or  red  clay,  the  latter  being  pre- 
feired. 

The  foes  most  fatal  to  the  cotton  plant  are  the  different  kinds  of  caterpillars,  which 
in  some  years  Increase  to  a  frightful  extent,  destroying  entirely  the  crop,  and  even 
the  pasturage — the  absence  of  regular  rains,  and  '^  the  blight."  The  blignt  is  caused 
by  cold  nights,  or  cold  rains  coming  unseasonably  in  contact  with  the  warm  soil,  after 
which  the  sun  bnms  and  scorches  up  the  pods  and  even  the  small  germs  of  the  plant. 
With  the  blight  vanishes  all  the  hopes  of  the  planter. 

The  Cotton  Worm  or  caterpillar,  Anomis  xylina,  particularly  described  in  your  let- 
ter, attacks  the  plant  in  these  provinces.  It  appears  simultaneously  with  the  other 
varieties  at  the  beginning  of  the  rainy  season  and  never  alone.  It  comes  and  disaig- 
pears  with  the  rain. 
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So  far  as  can  be  asoertaiDed  from  observation  the  Anomi§  xylina  is  believed  to  be  i 
native  of  the  country.  Daring  some  entire  years  it  is  extremely  rare  to  see  a  cfttv- 
pillar  whether  there  be  sun  or  rain,  wet  or  dry  weather.  Some  varieties,  however, 
seem  consequent  upon  the  action  of  the  sun,  and  others  apon  the  action  of  thenin, 
appearinfi^  and  disappearins  as  if  by  enchantment. 

There  is  an  insect  called  the  *^mofo"  by  the  planters  because  of  its  gray  moldy 
appearance,  bat  the  accounts  given  are  so  vagne  and  conflicting  that  I  am  unsbleto 
determine  precisely  to  what  variety  it  belongs.  May  it  not  be  the  *'  Tortrixoarpatt"  It 
is  believed  to  have  come  from  the  southern  provinces  about  the  end  of  the  first  qotf- 
ter  of  this  century.  It  is  almost  always  present  among  the  cotton  plants,  especially 
in  seasons  when  there  is  a  scarcity  of  rain. 

There  is  no  certain  data  as  to  the  introduction  of  cotton  into  these  provinces,  bat 
it  is  thought  to  be  about  the  beginning  of  the  last  quarter  of  the  eighteenth  century, 
when  the  Marquis  de  Pombal  tried  to  establish  extensively  in  these  and  other  piOT- 
inces  the  cultivation  of  all  colonial  plants. 

The  prevailing  direction  of  the  wind  is  east  in  March,  southeast  in  April,  soath  in 
June  and  July.  But  during  the  last  three  years  of  drought  they  have  been  more  from 
a  northerly  direction. 

So  far,  I  have  not  been  able  to  get  any  specimens  of  the  moths  or  caterpillars. 

Regretting  the  paucity  of  these  facts  with  which  you  are  doubtless  familiar,  I  hsfe 
the  honor  to  be,  sir,  your  obedient  servant. 

ANDREW  CONE, 
Uniifd  Stain  Cwtuk 

C.  V.  Riley,  Esq., 

Chief  of  the  U.  S.  Entomological  Commifsi&nf  WaahtHgtont  D.  C. 


No.  28.]  United  States  CoNSULATS, 

Bogoiay  April  5, 1880. 

Sib:  Referring  to  the  communication  from  the  State  Department  of  October  13. 
1879, 1  beg  to  inclose  two  original  notes  received  from  the  Colombian  Commiaasiyof 
National  Agriculture  concerning  the  cultivation  of  the  cotton  plant,  &c.,  for  the  nae 
of  the  Entomological  Commission  at  Washington. 
As  I  receive  further  reports  I  shall  not  fail  to  remit  them. 

I  have  the  houor  to  be,  sir,  your  humble,  obedient  servant, 

BENDIX  KOPPEL, 
United  Staiet  ComiiI. 
The  Hon.  Secretary  of  State, 

Washington,  D,  C, 

[TTnited  States  of  Colombia.    OflElco  of  the  National  Commiasioner  of  Agrioultare.    DeparCnMot  of  thi 

Treaaary  and  the  National  Credit.] 

Bogota,  March  30, 1880. 

Sir  :  From  a  report  sent  to  me  from  Socorro  by  Mr.  Albert  S.  Nieto,  I  extract  th« 
part  relating  to  cotton,  in  order  to  furnish  to  youdata  which  you  have  requested  on 
behalf  of  the  Government  of  the  United  States  of  America,  for  the  information  of 
the  Entomolospical  Commission  of  the  Department  of  Agriaulture.  The^e  data  refer 
to  the  State  of  Santander. 

Cotton, — About  5,000  hectares  of  cotton  are  cultivated,  which  annually  produce,  od 
an  average,  2,000,000  kilograms,  the  value  of  which,  at  12^  cents  per  kilogram,  is 
|250,000.  Eight  hundred  and  seventy-tairo  thousand  four  hundred  kilograms  are  sent 
to  Boyac^  and  Cundiuamarca.  The  value  of  these  is  |1 14,050.  One  million  one  hun- 
dred and  twenty-seven  thousand  six  hundred  kilograms  of  this  variety  are  spun  in 
the  State,  producing  563,800  iLilograms  of  thread,  the  value  of  which,  at  60  cents  per 
kilogram,  is  $338,280.  This  quantity  of  thread,  with  the  addition  of  100,000  kilo- 
grams of  English  thread,  costing  $242,500,  which  is  at  the  rate  of  $1.10  per  Englic^ 
pound,  is  u^d  in  manufacturing  the  following  articles :  1,275,000  meters  or  25,000 
pieces  of  51  meters  each  of  common  and  fine-colored  cotton  shirting,  which  is  sold  at 
from  $12  to  $21  per  piece,  or,  say,  at  an  average  of  $16.50  per  piece,  making  a  total  of 
$412,500,  and  for  these  were  used  300,000  kilograms  of  thread  of  both  kinds,  amount- 
ing in  value  to  $350,000 ;  838,333  meters  of  linen  (lienzo)  on  which  are  used  100,000 
kilograms  of  domestic  thread,  which,  being  sold  at  15  cents  per  meter,  gives  the  soon 
of  $125,000 ;  100,000  bed  spreads,  and  in  these  have  been  used  250,000  kilograms  of 
domestic,  together  with  a  small  quantity  of  English  thread. 

The  remaining  13,800  kilograms  of  thread  are  used  in  making  caps  and  heels  for 
hempen  shoes,  and  in  making  candle-wicks  and  other  small  articles.  Twelve  pieces 
of  shirting — ^250  of  linen,  and  60,000  bedspreads  and  hammocks,  valued  at  $365,600— 
Are  shipp<KL  to  Yenesuela,  ttud  to  Bo^ao^  and  other  States  of  Colombia^  and  the  remain- 
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dex  18  conBozned  at  Santander,  T^here  about  200,000  (pieces  or  meters  f)  of  linen  im- 
ported from  Bogota,  and  valued  at  |40,000,  ate  also  consumed. 

Let  these  data  suffice  until  I  am  able  to  send  you  those  of  the  other  cotton-raising 
States. 

Very  respectfully,  your  obedient  servant, 

JUAN  DE  DIOS  CAERASQUILLAS. 
llr.  Bendix  Koppkl, 

United  States  Con9ul  at  Bogota, 

rUnlted  States  of  Colombia.    Office  of  the  National  Commiaaioner  of  Agricalture.    Department  of  tba 

Treaniry  and  the  National  Credit.] 

Bogota,  March.  22, 1880. 

Sib:  Of  the  data  which  I  have  requested  in  behalf  of  the  Entomological  Commis- 
sion of  the  Oovemment  at  Washington  upon  certain  points  relating  to  the  cultivation 
of  cotton,  I  have  to>day  received  tne  following,  which  have  been  fiirnished  to  me  by 
Mr.  Francisco  J.  Balmaseda,  President  of  the  Central  Board  of  Agriculture  of  the 
State  of  Bolivar,  in  an  official  note  numbered  511,  and  dated  Cartagena,  February  21, 
1680. 

Mr.  Balmaseda  says : 

Referring  to  the  questions  of  the  Entomological  Commission  of  the  Government  at 
'Waahington,  I  will  answer  them  in  their  order. 

1.  In  the  State  of  Bolivar,  during  the  iwar  for  secession  in  North  America,  cotton 
'Was  cultivated  on  (]|nite  a  large  scale,  and  was  sold  in  Europe  as  high  as  18  pence  per 
kilogram.  Its  cultivation  afterwards  declined  on  account  of  the  cheapness  and  abun- 
dance of  American  cotton ;  only  small  quantities  are  now  exported,  and  its  cultivation 
ifl  performed  by  women  and  boys.  From  September  1, 1878,  to  August  ;K),  1879,  the 
aunount  exported  from  the  port  of  Cartagena  was  but  436  bales,  weighing  66,029  kilo- 
apnuns,  and  valued  at  $17,525 ;  from  that  of  Baranquilla  the  amount  exported  was 
Qonbtless  greater.  The  details  of  its  cultivation  are  as  follows :  During  the  months 
of  February  and  March  the  laborers  clear  the  ground  of  trees  and  brushwood ;  these 
-ihey  bum  at  the  close  of  the  latter  month  and  plant  the  cotton  as  soon  as  the  first 
showers  fall,  using  the  seed,  which  they  place  so  that  there  may  be  an  interval  of 
'three  varas  (a  vara  is  a  little  less  than  a  yard)  between  each  plant ;  they  give  it  three 
cleanings,  and  the  crop  is  gathered  from  January  to  March  of  the  year  following. 

2.  There  is  only  a  large  ant  called  the  ^'Arriera,''  which  iS'  known  in  Cuba  as  the 
**  Yivjjagua."  Neither  the  Anomis  xylina  is  known  nor  any  insect  that  injures  it  (the 
ootton). 

3.  There  is  no  Cotton  Worm  in  this  country. 

4.  Whether  this  worm  is  indigenous  to  this  country  f    See  answer  to  question  3. 

5.  How  long  has  cotton  been  cultivated  in  the  United  States  of  Colombia,  and  is  it 
found  in  a  wild  state  f 

It  is  not  found  in  a  wild  state,  but  it  is  an  indigenous  plant ;  the  Spaniards  found 
it  cultivated  by  the  Indians.  There  are  two  kinds  of  cotton  on  this  Atlantic  coast, 
one  called  the  '*  rifion,"  which  has  a  great  abundance  of  seeds  and  but  little  wool, 
while  the  other,  which  is  the  one  commonly  cultivated,  has  no  particular  name. 

In  the  interior  of  the  Republic  there  are  four  kinds,  known  as  the  ^'  lengupa,'* 
"  gnane,'*  '*  rifion,"  and  ^*  pajarito.^'  The  plant  of  the  kind  last  named  lasts  for  three 
years.  It  is  proper  for  me  to  say  that  the  cotton  plant  in  this  State  bf  Bolivia  lives 
for  ten  or  twelve  years,  and  such  is  the  exuberance  of  its  vegetation  that  in  some  lo- 
eaiities — and  this  is  a  common  thing — it  attains  so  great  a  height  as  properly  to  be 
considered  a  tree. 

Cultivators  begin  to  prune  during  the  second  season.  The  main  object  of  this  oper- 
ation is  to  prevent  the  stem  from  taking  a  vertical  direction  and  to  promote  the 
ffrowth  of  lateral  branches,  as  the  work  of  picking  the  cotton  is  thus  rendered  easier. 
It  is  a  curious  fact  that  the  natives  of  what  is  now  the  capital  of  the  Republic  not 
only  manufactured  valuable  cotton  cloths,  but  that  they  dyed  them  of  various  colors. 
So  rich  were  they  that  on  the  arrival  of  the  Spaniards  during  that  period  of  religious 
fanaticism,  these  cloths  served  to  cover  the  ornaments  that  were  used  on  the  occasion 
when  the  iirst  mass  was  said  at  Bogota. 

I  trust  that  these  data  will  be  found  satisfactory,  and  that  they  will  be  of  some 
service  to  the  Oovemment  of  the  United  States.  I  hope  soon  V>  be  able  to  furnish  sim- 
ilar information  from  other  parts  of  the  Republic,  as  I  have  requested  the  various 
State  governments  and  also  private  persons  to  procure  such  and  transmit  it  to  the 
agricultural  office  under  my  charge. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

JUAN  D£  DIOS  CARRASQUILLAS. 

Hon.  Bendex  Koppel, 

United  States  Consul  at  Bogota. 
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NOTES  ON  INSECTS  INJTTRIOUS  TO  THE  COTTON  PLANT  IN  THE  REPUBLIC  OF  MBXIOO. 

As  the  principal  cotton  planting  districts  are  at  some  distance  from  this  capital,  I 
have  not  been  able  to  obtain  the  specimens  of  insects  requested  hj  the  Chief  of  the  En- 
torooloffical  Commission,  nor  can  I  flatter  myself  that  the  descriptiTe  information  which 
I  have  been  enabled  to  collect  after  much  difflcnlty  and  delay,  will  be  foond  to  beef 
much  practical  value.    I  nevertheless  present  it  for  what  it  may  be  worth. 

1.  The  most  usual  and  fatal  enemy  of  the  plant  is  a  small  wnite  worm  from  1  to  2 
centimeters  in  length,  and  in  form  somewhat  resembling  a  oentipcMiewithoQt  the  fset 
When  in  motion  this  worm  shows  streaks  of  light  green.  It  is  believed  to  be  inherent 
tio  the  plant,  always  accompanying  it,  even  in  the  seasons  of  the  most  abundant  crops. 
It  is  usually  observed  when  the  plant  has  attained  its  full  growth  and  Just  before  it 
blossoms.  This  worm  attacks  the  leaf  alone,  and  devours  it  completely.  In  bad  eeamos 
it  is  so  abundant  that  in  two  days  a  whole  plantation  will  be  entirely  stripped  of  its 
leaves,  showing  nothing  but  the  bare  stalks. 

Various  experiments  nave  been  tried  to  counteract  and  destroy  this  enemy,  bntnone 
seem  to  have  been  attended  with  good  results  except  the  fumigation  with  sQlphor, 
which  has  been  tried  on  a  limited  scale,  and  has  been  only  partially  successfaL 

2.  Another  worm  somewhat  similar  in  form,  but  smaller^  and  of  a  green  color  with 
white  stripes,  makes  its  appearance  at  times,  but  never  in  such  vast  armies,  and  is 
consequently  not  so  much  cireaded  as  the  former. 

3.  The  third  insect  mentioned  is  a  large  bug  of  a  brown  color  called  the  "con- 
ohuela,"  which  is  never  so  abundant  as  the  Cotton  Worm,  but  insert«  itself  into  the 
bud  and  prevents  the  maturing  of  the  blossom,  thereby  causing  considerable  damage. 

4.  The  *^  chahuistle''  is  an  insect  so  microscopic  in  size  that  it  first  appears  as  adr} 
reddish  powder  covering  the  leaves  and  stock  of  the  plant.  As  it  accumulates  thi 
mass  seems  to  distil  a  gummy  substance  which  speedily  destroys  every  vestige  of  the 
growth.  The  chahuistle  is  common  throughout  the  country,  and  attacks  not  only  the 
cotton  plant,  but  other  vegetables  and  cereals,  such  as  beans  (fr^oles),  wheat,  and 
maize. 

5.  In  Durango  the  crops  are  reported  to  suffer  seriously  from  ''pocks'*  (vimela), 
and  in  some  seasons  are  severely  damaged  by  locust<s. 

Ever  since  cotton  has  been  oultivatea  in  Mexico  by  Europeans  or  their  descendants 
it  has  been  more  or  less  infested  with  the  above-described  insects,  which,  bowoTer, 
are  not  supposed  to  be  indigenous,  but  to  have  been  import<ed  with  foreign  seed. 
Whether  this  opinion  is  merely  conjectural  or  founded  on  well  authenticated  tradi- 
tions, I  do  not  know.  Hernando  Cortez,  on  landing,  found  the  natives  of  the  oonntry 
clothed  in  cotton  garments  of  their  own  manufacture,  but  to  the  beet  of  my  knowledge 
neither  history  nor  tradition  has  preserved  us  any  information  in  regurd  to  the  ene- 
mies of  the  cotton  crop  before  the  coming  of  the  Spaniards. 

In  the  districts  near  the  Pacific  coast,  after  the  before-described  insects  an  eclipse 
of  the  moon  is  believed  t.o  be  the  most  damaging  enemy  of  the  cotton  plant.  When 
the  eclipse  takes  place  at  the  time  when  the  plant  is  in  blossom  it  perishes  immedi- 
ately and  completely.  The  only  means  of  saving  any  part  of  a  crop  under  these 
circumstances  is  to  fumigate  with  a  certain  wood  found  on  that  coast,  which  bnrns 
slowly  and  gives  out  volumes  of  smoke.  The  Indians  on  such  occasions  imagine  thef 
con  save  their  cotton  by  fixing  streamers  of  red  or  other  gay  colored  rags  upon  reeds 
and  sticking  them  over  their  fields.  The  planters  of  European  stock,  however,  regard 
this  practice  as  a  superstition. 

The  information  here  furnished  has  been  derived  principally  from  planters  in  the 
vicinity  of  Tepee  and  Durango,  no  reports  having  been  received  from  other  qaarteis< 

DAVID  H.  6TB0THEB, 
United  Stain  Consul-Omteral,  CU^  of  Mesio^ 
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AN8WEES  TO  CIRCULAR  NO.  ?.• 

Saint  Francis ville,  West  Feliciana  Pasish,  Louisiana, 

October  2, 1879. 

A  oircular  from  yoa  reqaesting  answerB  to  certain  questioDS  relative  to  the  Cotton 
Worm  was  received  some  months  since,  and  my  reply  has  been  deferred  to  this  date  in 
order  to  enable  me  to  observe  the  worm  and  its  depredations  throughout  the  entire 
season.  Last  year  a  similar  circular  was  received  from  the  office  of  the  Agrionltoral 
Department,  to  which  I  replied  fully  and  specially  to  all  the  questions  as  far  as  my 
information  extended. 

1.  Cotton  has  been  grown  here  since  this  century  began — eighty  years — and  perhaps 
longer.  I  am  a  native,  fifty -eight  years  old,  and  my  family  and  relatives  came  here 
from  North  Carolina  in  Spanish  times  and  soon  afterwards,  i.  e.,  from  1800  to  1810. 
They  always  raised  cotton  from  their  first  settlement  here. 

2.  I  have  no  records  or  histories  to  refer  to  in  order  to  answer  this  question  fully  and 
accurately.  From  old  settlers  1  have  beard  that  the  Army  Worm  came  here  before  my 
recollection — this  is,  before  1827  or  1828 — and  destroyed  the  crops.  I  think  this  was 
between  1S20  and  1824.  I  have  heard  old  settlers  who  came  here  from  South  Caro- 
\mA  say  that  the  Cotton  Worm  came  there  before  1815,  and  ravaged  the  crops.  From 
my  recollection,  the  worms  never  appeared  here  in  any  great  numbers  after  1828  un- 
til 1840  or  1841.  I  was  raised  on  a  plantation,  where  I  now  live,  my  father  and  all  of 
my  family  on  my  father's  and  mother's  side  being  large  cotton  planters,  and  my  recol- 
lection dates  back  to  1828  about  all  matt'em  of  any  great  moment. 

In  the  above  year,  1840  or  1841, 1  returned  home  on  a  visit  from  school  late  in  the 
fall,  say  October,  and  found  the  cotton  fieldn  white  with  the  open  cotton  and  filled 
also  with  Cotton  Worms.  In  a  few  days  they  ate  all  the  leaves  from  the  stalks  of  cot- 
ton, and  then  began  to  crawl  o£f,  moving  like  a  great  army,  and  filling  the  ruts  and 
washes  in  the  roads  and  fields  with  millions  of  worms,  which  being  unable  to  crawl 
out  died  there  in  masses.  As  the  worms  appeared  that  year  quite  late  In  the  season, 
no  damage  was  done  to  the  cotton  crop,  except  to  make  the  open  cotton  dirty  and 
trashy  from  the  excrements  and  cut  leaves  dropped  by  the  worms  on  the  cotton. 

In  1846  the  worms  appeared  again,  and  that  year  the  crops  were  greatly  injured, 
the  worms  eating  the  cotton  up  so  early  in  the  season  that  not  more  than  50  to  70  per 
cent,  of  a  full  crop  was  made  by  planters  in  this  section.  The  worms  never  came 
again  in  sufficient  numl>er8  to  attract  any  general  notice  until  after  the  war  began. 
We  heard  of  their  appearance  soon  after  the  Federal  occupation  of  New  Orleans  and 
the  lower  part  of  the  State,  from  tbe  great  desire  to  get  cotton  to  supply  the  markets 
and  factories  abroad  and  at  the  North  and  the  many  attempts  made  in  that  region  to 
rais^  cotton  for  that  purpo(»e.  Inside  of  the  Confederate  lines,  in  this  section,  very 
little  cotton  was  raised  during  tbe  war,  the  people  turning  their  attention  almost  ex- 
clusively to  raising  food  crops.  Worms  appeared,  however,  in  the  small  fields  of  cot- 
ton raised  here  for  several  years  before  the  war  ended.  Beginning  with  1866,  they 
have  been  in  this  section  every  year  since,  sometimes  many  and  again  very  few ;  but 
DO  year  has  passed  with  an  entire  absence  of  the  worm  since  18h6. 

3.  I  do  not  think  the  coldness  or  mildness  of  the  winters  affects  the  worms  here— 
our  winters  are  never  very  cold— as  our  latitude  is  too  far  South  to  permit  it.  We 
have  bad  very  cold  weather,  for  this  section,  many  times  since  1866,  and  the  worms 
have  appeared  every  year,  more  or  less. 

4.  They  are  always  worse  in  wet  summers ;  never  very  bad  in  very  hot,  dry  sum- 
mers. They  are  generally  noticed  first  in  July,  and  if  its  after  progress  is  attended 
by  repeated  rains  during  July,  August,  and  September,  the  crops  are  very  apt  to  be 
much  injured,  if  not  completely  demolished.  But  if  it  remains  hot  and  dry  during  the 
above-named  months,  the  worms  never  do  much  damage. 

-  '  ■  '        w        ■ 

*  This  circular  is  printed  in  the  Introduction. 
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5.  Of  my  own  knowledge,  they  are  to  be  seen  here  first  in  June  or  July,  bnt  mme 
of  my  friends  and  neighbors  have  reported  seeing  them  occasionally  in  May,  in  few 
numbers. 

6.  They  are  almost  always  found  first  on  the  same  places  and  same  plantationsi 
scattered  over  the  country,  without  any  apparent  regard  to  character  of  soil  or  sur- 
rounding circumstances.  This  fact  has  been  geueialfy  noticed  and  spoken  of,  bnt  no 
solution  has  been  made  of  it  that  is  satisfactory  and  reasonable.  Like  most  other 
questions  among  men,  outside  of  mathematics,  discussion  never  satisfies  all  parties 
nor  settles  the  question. 

7.  I  have  no  experience  at  all  of  the  winter  habits  of  the  insect,  but  I  am  satisfied 
it  remains  here  during  the  winter,  in  some  form,  and  does  not  come  here  regularly  or 
at  intervals  from  any  distance.  My  reasons  for  thinking  so  are  too  numerous  to  at- 
tempt to  write  them  to  you,  unless  I  thought  I  could  prove  the  fact  to  a  demonstra- 
tion, and  thus  settle  the  matter  beyond  all  future  question  or  dispute. 

8.  Birds  of  many  kinds  prey  upon  the  worms,  and  many  insects  prey  on  both  the 
worm  at  all  ages  and  stages  ox  its  growth  and  also  feed  on  or  destroy  the  eggs.  No 
quadrupeds  disturb  either  eggs  or  worms,  to  my  knowledge.  Ants  of  various  sorts 
prey  on  them — both  eggs  and  small  worms.  I  have  heard  many  insects  spoken  of,  by 
persons  who  had  given  the  matter  close  attention,  as  being  enemies  to  the  Cotton 
Worms,  and  preying  on  or  destroying  the  eggs,  young  worms,  and  also  those  fully 
grown.  I  cannot  speak  on  these  points  from  personal  knowledge,  not  beine  a  scien- 
tist nor  professional  man,  and  having  no  turn  of  thought  in  that  direction.  I  am  sat- 
isfied that  many  animals  and  insects  prey  on  and  destroy  the  CottiOn  Worm's  eggs, 
voung  and  ^rown  worms,  or  they  would  eat  up  the  cotton  every  year  they  appear 
here.  They  increase  by  nature  so  very  rapidly  after  their  first  ap]>earance  that,  no 
less  they  met  many  and  destructive  enemies  besides  man,  they  would  always  io 
crease  in  numbers  so  great  as  to  destroy  the  crop  annually.  In  wet  years  these  va- 
rious enemies  are  not  present  themselves  in  sufficient  numbers  to  make  any  impression 
on  the  Cotton  Worm,  but  in  dry  seasons  they  are  numerous  enough  to  nearly  annihi- 
late the  Cotton  Worm,  and  thus  prevent  any  great  damage  to  the  cotton  crop. 

9.  I  have  no  experience  about  destroying  the  Cotton  Moth.  Many  might,  no  doubt, 
be  destroyed  by  lamps,  fires,  &c.,  but  the  whole  planting  population  would  have  to 
engage  in  it  systematically  and  persistently,  or  it  would  amount  to  nothing.  The 
destruction  of  any  number  of  moths  by  a  few  planters  or  neighborhoods  would  do  no 
good.  I  have  never  heard  of  sugar,  molasses,  or  anything  of  the  sort  being  tried  to 
lure  the  moths.  I  think  all  such  things  humbugs,  and  on  a  par  with  the  Yankee  plan 
tried  in  Lower  Louisiaua  during  the  war,  i.  #.,  to  spread  tar  around  the  cotton-fields 
to  prevent  the  Cotton  Worms  from  entering  them. 

10.  I  have  no  experience  to  enable  me  to  reply  to  this  question. 

11.  I  cannot  afibrd  any  information  on  this  question. 

12.  I  have  never  seen  jute  nor  anv  other  plant  being  tried  in  this  section  for  any 
such  purpose.     Have  heard  stories  told  of  such  things  being  tried  elsewhere. 

13.  Paris  green,  Texas  Worm  Destroyer,  and  such  poisonous  medicines  are  the  only- 
things  which  have  ever  been  used  here  to  destroy  the  worms.  I  have  seen  Paris  greea. 
tried  many  times,  and  heard  of  its  trial  for  years.  There  is  no  doubt  that  it  will  de- 
stroy the  Cotton  Worm  and  preserve  the  cotton  plants  when  the  preparation  is  gen- 
uine and  not  a  cheat  and  it  is  used  properly  and  thoroughly.  Like  everything  el8» 
done  in  this  world,  it  must  be  done  properly,  thoroughly,  and  persistently  to  succeed. 
I  have  no  personal  knowledge  of  the  Texas  Worm  Destroyer,  but  it  is  very  highly 
recommended,  indeed. 

14.  I  have  never  known  any  injury  to  happen  to  man,  beast,  or  plant  here  from 
using  Paris  green.  All  know  that  it  is  a  violent  poison,  and  use  it  with  caution.  No 
doubt,  man,  animals,  and  plants  can  be  injured  by  it,  and  perhaps  all  have  been  in- 
jured in  some  places  by  its  incautious  use. 

15.  Paris  green  used  in  liquid  form,  from  large  tin  watering-pots  made  specially  ftr 
the  purpose,  has  been  most  successful  here ;  it  is  the  preparation  generally  used. 

16.  I  cannot  state  the  cost  of  using  Paris  green  per  acre,  but  its  cost  is  not  great, 
and  does  not  enter  into  any  man's  calculation  when  he  sets  about  to  kill  the  Army 
Worm.  I  have  seen  a  field  of  cotton  saved  by  two  applications  of  it,  which  were  made 
at  intervals  of  a  month  apart.  This  field  yielded  one  bale  per  acre,  whereas  without 
the  destruction  of  the  worms  it  would  not  have  made  half  a  bale  per  acre.  These 
worm  poisons  are  now  made  and  sold  in  great  quantities  by  responsible  parties,  and, 
like  all  other  articles  of  general  commerce,  are  abundant  and  cheap.    There  is  no 

Suestion  but  that  the  cotton  crop  can  be  saved  in  part,  if  not  in  whole,  from  any  future 
estmction  by  the  Cotton  Worms,  in  all  sections  where  the  planters  are  energetic,  in^ 
telligeut,  and  harmonious  in  action  by  the  use  of  poisons — Paris  green,  Texas  Worm 
Killer,  arsenic  in  some  form,  or  some  other  poison.  I  cannot  now  say  that  any  plan 
can  be  proposed  to  destroy  the  worm  or  moth  before  its  appearance  in  the  cotton 
fields.  Fires,  lamps,  &c.,  would  kill  immense  numbers  of  moths,  but  would  only  re> 
tain  the  worms,  and  not  destroy  them. 


ANSWERS  TO   CIRCULAR  NO.   7.  [73] 

I  hope  what  I  have  written  aboTe  mav  prove  acceptable  to  you.  I  have  given  yoa 
all  the  information  I  conld  which  I  conld  vonch  for  personally.  Any  ftitore  commu- 
nication  from  you  or  yoor  office  will  be  replied  to  fully  and  candidly. 

The  Cotton  Worms  have  made  their  annual  appearance  in  our  parish  this  year,  but 
have  done  no  general  damage.    Some  few  fields  nave  suffered,  on  alluviiU  huids,  so  far 
as  I  have  heard.    The  summer  has  been  very  hot  and  dry. 
Very  respectfully,  your  obedient  servant, 

DOUOLAS  M.  HAMILTON. 
C.  V.  RiUET,  Chirf  U,  8.  E.  C. 


EvsRGBBXN,  Ala.,  Angutt  24, 1879. 

I  beg  leave  respectfully  to  submit  the  following  answers  to  your  circular  (No.  7) 
concerning  the  Cotton  Worm : 

1.  About  the  year  1817. 

2.  In  1825,  or  about  eight  years. 

3.  It  is  most  generally  dreaded  after  a  mild  winter,  but  experience  teaches  that  this 
Jear  is  ill  founded.  It  is  probable  that  a  greater  number  of  the  chrysalids  survive  a 
:anild  winter  than  a  severe  one,  but  the  present  season  proves  that  they  cannot  all  be 
destroyed  by  cold,  for  having  passed  through  the  severest  winter  since  their  advent, 
^e  worms  are  at  this  time  (August  24)  destroying  the  cotton  in  some  localities,  and 
7>id  fair  to  make  a  clean  sweep  within  the  next  two  or  three  weeks.  ,  ^ 

4.  Wet  springs  and  summers  are  decidedly  more  favorable  to  their  production  than 
dry  ones. 

5.  On  or  about  the  25th  of  May,  1873. 

6.  In  moistt  rich  soils,  where  the  weed  is  most  luxuriant. 

7.  I  know  but  little  fix>m  actual  observation.  'I  have  seen  the  chrysalids  in  the 
ground  exposed  by  plowing,  sometimes  under  turfs  or  logs,  or  anything  that  affords 
protection  from  cold  and  wet. 

8.  None.  Every  variety  of  birds  feed  upon  them,  but  there  are  not  enough  birds  in 
a  Stale  to  devour  all  the  worms  on  a  sinsle  plantation.  The  English  sparrow  is  the 
only  bird  that  could  be  introduced  which  would  be  available,  and  it  is  not  considered 
practicable  to  try  him,  for  the  number  required  to  do  the  work  would  require  a  vast 
amount  of  food  at  all  times,  and  of  itself  become  a  greater  pest  to  the  farmer  than 
the  worm. 

9.  All  efforts  in  this  direction  have  been  fruitless.  The  writer  is  of  the  opinion  that 
as  soon  as  the  moth  emerges  from  the  chrysalis  it  proceeds  at  once  to  deposit  its  eggs 
(of  which  it  contains  a  vast  number),  and  is  not  attracted  by  anything  to  be  eaten 
ontil  it  has  performed  that  function.  They  are  attracted  by  any  saccharine  sub- 
stance, like  sugar  and  water  or  molasses  and  water,  but,  for  the  reasons  stated  above, 
they  are  considered  of  little  value.  Fires  or  lights  will  also  attract  them,  and,  if  not 
too  expensive,  might  be  more  available  than  poisons.  Owing  to  the  uncertainty  of  the 
time  of  their  advent,  and  of  the  very  short  time  required  for  the  laying  of  their  eggs, 
the  plan  of  destroying  by  fires  can  hardly  be  made  available,  however. 

10.  It  is  immateriafwhether  the  poison  is  contained  in  vessels  or  spread  upon  boards, 
trees,  &c. ;  they  are  as  iikely  to  find  it  at  one  place  as  another.  The  writer  has  seen 
myriads  of  them  destroyed  by  dropping  into  evaporators  used  in  making  sirup.  This, 
however,  is  never  observed  until  late  in  the  fall,  after  the  cotton  is  destroyed  and  the 
color  of  the  moth  is  changed.  The  last  crop  of  worms  are  black,  or  nearly  so,  and 
the  moth  springing  from  them  is  of  a  darker  hue  than  the  first  a^een,  and  is  non-pro- 
ductive.   Tho^  coming  from  the  green  worm  are  brown,  and  supply  all  the  eggs. 

11.  There  are  none  known  to  the  writer. 

12.  I  have  no  experience  with  jute,  but  have  seen  cotton  grown  among  corn  escape 
the  ravages  of  the  worm  when  all  other  was  destroyed.  The  writer  does  not  favor  the 
plan,  however,  practiced  by  many  cotton  planters, *bf  crossing  cotton  with  com  at  from 
12  to  20  feet,  inasmuch  as  the  effect  of  retardinff  the  progress  of  the  worm  is  not  suc- 
cessfully attained,  and  the  com  thus  made  will  little  more  than  pay  for  the  cotton 
lost,  besides  impeding  the  cultivation  of  the  cotton  in  case  the  corn  is  blown  down  or 
bent  by  wind  (as  happens  as  often  as  not).  In  the  opinion  of  the  writer,  the  better 
plan  is  to  plant  cotton  in  com  ;  t.  «..  after  securing  a  stand  of  com  early  in  the  spring, 
plant  a  hill  of  cotton  between  eacn  two  hills  of  com,  so  what  corn  is  made  may  be 
considered  clear  gain.  If  the  corn  is  not  bent,  the  cotton  may  be  worked  after  the 
com  is  "laid  by,"'  and  if  it  is  bent,  so  as  to  prevent  the  cultivation  of  the  cotton, 
nothing  is  lost  by  having  the  cotton  there.  Of  course  this  plan  can  only  be  m:vde 
profitable  on  good  land,  where  the  cotton  will  continue  to  grow  after  the  fodder  is 
pulled.  The  writer  saw  last  year,  however,  on  poor  land,  more  than  200  pounds  of 
cotton  per  acre  gathered  from  land  where  15  bushels  of  corn  were  grown,  and  this 
with  one  additional  working.  More<tver,  cotton  grown  alone  immediately  by  the  side 
of  this  com  and  cotton  was  entirely  destroyed  by  worms,  while  th4ht  grown  with  theoom 
fooi  unUmdked. 
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13.  Nothing.  From  experieDce  in  the  use  of  a  tea  or  decoction  of  the  China  berry 
on  cabbage,  to  drive  away  wonuB,  bugs,  ^c,  the  writer  is  induced  to  believe  that  the 
same  might  be  used  with  success  on  cotton.  It  is  well  known  that  all  insects  or  ver- 
min are  averse  to  the  taste  or  proximity  to  this  plant,  and  the  writer  has  no  donbt 
that  a  thorough  application  of  it  to  cotton,  made  at  the  proper  time,  would  drive  off 
the  worms,  f  will  not  undertake  to  say  that  it  is  practicable,  for  the  labor  of  making 
the  tea  and  applying  it  may  overbalance  the  profit.  In  other  respects,  however,  it 
has  the  advantage  of  being  cheap  and  harmless. 

14.  I  have  seen  the  cotton  plant  scorched  and  mined  by  using  the  poisons  in  too 
concentrated  a  form,  but  have  seen  no  injury  to  persons  or  animals.  Being  a  deadly 
poison,  however,  the  Paris  green  will  certainly  kill  animals  as  well  as  worms  if  taken 
into  the  stomach.  It  acts  as  a  poison  also  when  introduced  into  the  system  through 
the  blood,  and  should  consequently  be  handled  with  a  great  deal  of  care. 

15.  Of  the  means  yet  discovered,  no  agent  has  the  advantage  of  Paris  green. 

16.  For  the  protection  of  cotton  of  average  size  of  weed,  an  outlay  of  about  |2  or 
$2.25  per  acre  will  be  incurred  in  this  locality,  including  the  cost  of  the  poison,  flour 
or  gypsum  for  mixing,  and  labor  of  applying.  In  places  where  water  can  be  bad 
without  too  mqch  labor  the  cost  might  be  alittle  less;  but  comparatively  few  fannen 
have  this  natural  advantage. 

The  writer  takes  occasion,  in  this  connection,  to  suggest  a  solution  of  the  '*  cater- 
pillar question  "  in  a  very  few  words.  Let  every  cottou  planter  in  the  South  adopt 
a  system  of  reduced  acreage,  high  manuring,  and  thorough  cultivation.  Let  bim 
plant  only  such  lands  as  will  return  a  large  yield,  say  one,  two,  or  three  bales  per 
acre,  and* he  can  aflbrd  to  apply  Paris  green  and  save  his  cotton.  Of  conrse,  this  can 
be  done  in  most  sections  of  tbe  South  only  by  high  manuring;  but  no  farmer  should 
plant  more  cotton  than  he  can  make  remunerative.  If  he  can  manure  but  one  nm, 
let  him  plant  but  one.  This  system  would  not  only  save  the  cotton  from  destruction 
by  worms,  but  would  immeasurably  improve  the  financial  condition  of  the  South  and 
the  whole  country.  The  farmer,  having  less  cotton  planted,  would  have  more  land 
to  devote  to  grain-crops  and  stock-raising,  and  after  one  or  two  years  the  market  valu< 
of  cotton  would  be  so  enhanced  that  he  would  receive  as  much  money  for  his  fe*^ 
bales  as  he  now  does  for  his  many. 
Very  respectfully, 

ROBT.  A.  LEE. 

C.  V.  Riley,  Chief  U.  S.  E,  C. 


Henderson,  Tex.,  2iiovemher  27,  1878. 

In  reference  to  our  Cotton  Caterpillar,  it  is  hard  to  drive  to  an  uncontested  conolu — 
0ion,  as  there  are  almost  as  many  opinions  as  there  are  cotton  farmers  in  the  South. 

I  am  a  native  of  Louisiana,  sixty-four  years  old,  and  have  been  growing  eotton  th^ 
greater  portion  of  my  life;  still  I  know  but  little  that  is  worth  telling  in  reference  tt^ 
this  teiTible  Southern  pest.    The  first  Cotton  Caterpillar  I  ever  saw  was  in  Holmes 
County,  Mississippi,  in  1846.    The  second  time  I  saw  them,  in  numbers  worthy  oC" 
notice,  was  during  our  last  unfortunate  war,  18C4.     Since  then  they  have  appeared 
annually  (more  or  less)  in  all  the  Cotton  States.     They  appear  to  he  migratory  ^  but  many 
deny  this,  and  support  their  views  with  some  plausibility.    But  we  are  taught  by 
experience  that  they  do  not  appear  simultaneously  over  the  whole  country,  but  annu- 
ally appear  in  the  extreme  southern  portions  of  Alabama,  Florida.  Louisiana,  and 
Texas.     We  often  hear  of  them  fonr  to  six  weeks  before  thev  raise,  hat«h,  and  accu- 
mulate sufficient  numbers  to  reach  the  northern  portions  of  these  States.     The  first- 
comer  (or  parent)  is  a  small  yellowish  fly,  resembling  somewhat  our  usual  summer 
evening  candle  fly.     Whether  from  instinct  or  not,  I  cannot  tell — but  I  will  call  it 
instinct — the  first  fly  visitors  always  deposit  their  eggs  in  the  center  of  each  field. 
Why  so  in  every  instance,  if  it  is  not  to  place  himself,  as  well  as  his  first  brood,  as  far 
away  from  birds  and  other  enemies  which  might  annoy  them  near  to  the  forest  trees 
and  woods  t 

Again,  they  invariably  deposit  the  eggs  in  the  top — yes,  in  the  bud — of  each  stalk 
or  plant,  for  there  the  little  embryo  leaf  is  full  of  downy  fuzz,  in  which  the  eggs  lie 
closely  bedded,  elevated  high  to  the  dew,  and  warm  sun,  and  soon  hatch.  Now  we . 
have  the  worm,  so  small  as  to  bo  almost  unobservable,  but  safely  secured  in  his  downy 
bed,  which  down  is  his  food  for  a  day  or  two,  when  he  begins  to  feed  on  the  yet  small 
and  tender  leaf,  and  eats  day  and  night  until  he  webs  up,  to  reappear  another  fly. 
This  is  our  first  crop ;  and  from  first  observation  of  the  fly  until  the  second  crop  ap- 
pears is  about  fifteen  to  twenty  days.  This  second  crop  proceed  as  the  first,  deposit- 
ing their  eggs  in  the  bud,  and  this  time  extend  their  dominions  to  three-fourths  and 
sometimes  over  the  whole  field,  maturing  aslw^fore,  giving  the  third  crop,  which  soon 
finishes  the  last  leaf  of  the  young  fruit.  I  will  add  that  many  suppose  this  last  crop, 
after  devouring  the  crop,  deposit  their  eggs  in  old  hollow  trees,  old  dry  fence-rails, 
diy  weeds,  or  other  dry  rubbish,  to  slumber  till  another  year,  and  then  reappear.    Thif 
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does  not  look  reasonable  as  compared  with  the  observations  as  above  stated :  besides, 
they  would  then  hatch  oat  and  reappear  at  every  place  where  they  existed  the  year 

freviouB ;  so  1  rather  believe  they  are  migratory,  and  come  from  the  south  annually, 
am  of  the  opinion  that  if  planters  would  top  their  cotton,  i»ay,  three  or  four  inches 
below  the  bud,  about  the  time  they  see  the  first  fly ,  much  benefit  would  be  had.  First,  the 
natural  place  for  depositing  the  eggs  would  be  removed;  second,  if  any  eggs  had  been 
deposited  about  the  time  of  topping,  the  topped  part  would  become  dry  in  a  few  hours 
and  the  egg  would  perish ;  or,  if  hatched,  the  little  baby  worm  could  not  feed  on  the 
diy,  parch^  leaf,  and  would  thus  perish.  If,  however,  be  had  strength  to  make  his 
way  to  a  neighboring  stalk,  he  could  not  feed  so  young  on  the  lower  tough  leaves,  as 
he  can  only  survive  on  the  downy  part  in  the  bud  first,  and  then  on  the  youngest  and 
tenderest  leaves.  Thus  he  acquires  size  and  strength  in  a  few  days  to  feed  on  older 
leaves. 

It  is  natural  that  they  do  not  deposit  the  egg  anywhere  on  logs,  trees,  or  woody 
substances,  or  even  on  grown  tough  leaves,  where  the  diminutive  baby  worm  cannot 
feed,  thrive,  and  live ;  so  the  last  or  third  crop,  if  deposited  on  these  substances,  would 
soon  become  extinct.    Therefore  they  are  migratory  and  come  from  the  south. 

Then,  as  a  remedy,  I  would  suggest,  first,  to  work  and  cultivate  fast,  get  a  good 
erowth  as  early  as  possible,  but,  large  or  small,  top  the  cotton  as  soon  as  you  see  the 
first  fly;  second,  I  would  urge, as  an  additional  remedy,  to  put  up  poles  with  martin- 
boxes  on  the  top,  and  cultivate  and  raise  our  black -martin  bird.  It  is  a  South  American 
bird,  innocent  and  harmless  to  all  vegetation  They  arrive  here  in  May,  raine  their 
young,  and  migrate  the  1st  of  September.  They  are  a  fine,  greedy  insect-scavenger, 
and  increase  rapidly.  Again,  they  are  by  nature  adapted  to  the  work,  because  the 
caterpillar-fly  works  from  about  5  o'clock  p.  m.  till  dark  each  day,  and  while  all  other 
birds  retire  to  roost  early,  the  black  martin  feeds  till  dark.  In  fact,  this  mode  of  fur- 
nishing artificial  homes  for  birds  would  invite  many  of  our  native  birds  to  occupy  these 
homes,  and  particularly  our  bluebirds,  which  are  also  fine  insect-destroyers.  Thus,  by 
lar^ly  increasing  our  birds  which  feed  on  these  insects,  we  would  be  well  fortified 
against  the  boll-worm  fly,  which  much  resembles  the  caterpillar-fly,  both  of  which 
appear  about  the  same  time,  first  in  small  force,  and  increase  very  rapidly. 

If  birds  could  be  distributed  over  the  fields  in  these  artificial  homes,  they  would 
effectually  destroy  them  on  their  first  arrival,  when  so  few  in  number.  You  are 
aware  that  in  the  early  history  of  the  Southern  States,  where  the  farms  were  small 
and  few  in  number,  then  the  forests  were  vocal  with  the  song  of  birds.  As  the  fields 
increased  in  size  the  forest  decreased,  and  since  our  late  war  the  freedmen  all,  young 
and  old,  used  every  means  to  procure  guns  for  the  purpose  of  killing  ^ame,  and  no 
bird,  however  small  and  innocent,  is  allowed  to  escape  their  deadly  aim.  Nor  will 
I  stop  in  condemning  the  negroes  for  this  unwise  practice,  but  the  same  holds  true  of 
our  idle  young  white  men,  many  of  whom  indulge  in  the  practice  as  mere  s]>M>rt.  Our 
forest  songsters  are  now  seldom  to  be  seen,  their  songs  are  hushed,  and  the  moaning  noise 
of  the  wind  in  the  tree-top  is  undisturbed  by  the  note  of  the  bird.  Laws  should  be 
passed  by  all  the  States  to  put  a  stop  to  this  unwise  practice. 
Yours,  tnily, 

JNO.  M.  WOLKOM. 

C.  V.  RiLKY,  Chief  U.  8.  E,  C, 


Hempstead,  Waller  County,  Texas. 

I  herewith  send  replies  given  by  different  fanners  in  this  county  in  answer  to  the 
question  asked  on  the  first  page,  and  you  will  see  that  there  is  a  variety  of  ideas  as 
to  the  manner  of  hibernation. 

The  questions  in  Circular  No.  7  having  been  carefully  answered,  to  your  first  cir- 
cular, I  do  not  think  I  can  add  any  more  information,  save  perhaps  to  reiterate  my 
firmer  belief  in  what  I  had  stated,  to  wit : 

That  the  worm  has  four  changes :  from  chrysalis  to  moth ;  moth  to  egg ;  egg  to 
worm ;  worm  to  chrysalis. 

That  the  moth  is  short-lived,  from  five  to  seven  days;  is  not  an  eater;  always  an 
egg-layer;  remarkably  timid;  a  strong  light  readily  attracts  them;  they  perform 
their  mission  and  then  die. 

That  the  egg  hatches  in  from  about  five  to  seven  days;  is  deposited  on  the  under 
side  of  cotton  leaf  in  regular  layers. 

l^lhat  the  worms  as  they  hatch  proceed  at  once  to  do  their  mission,  and  take  from 
seven  to  nine  days  to  perfect  themselves,  when  they  begin  to  spin  their  web.  In 
about  thirty-six  hours  the  chrysalis — the  hibemator — is  ready  for  its  long  or  short 
sleep,  according  to  the  protection  or  exposure,  the  heat  or  cold,  surrounding  it.  It  is 
the  9eedf  that  chance  may  throw  on  stony  ground  and  it  will  perish,  or  it  may  fall  in 
some  sheltered  spot  and  there  be  preserved  through  any  winter.  The  cause  of  so  few 
appearing  in  spring  may,  and  I  think  does,  result  from  the  fact  that  so  few  chrysalids 
fsU  into  nooks  or  places  snitable  to  protect  them  through  the  winter,  and  are  de- 
stroyed by  winter's  cold  or  their  own  decay. 
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I  snggested  that  perhaps  the  plant  on  which  the  egg  was  deposited  might  gire 
direction  or  impress  the  worm  with  desire  to  eat  of  that  plant.  I  am  ready  to  change 
or  modify  my  views,  and  say  that  now  I  think  the  plant  on  which  the  worm  feeds 
mnst  have  the  effect  to  determine  the  plant  for  the  future  worm. 

I  have  ohserved  this  year  that  the  Cotton  Worms,  after  finishing  the  cotton,  at- 
tacked the  crab-grass,  and  have  eaten  it  up— nothing  left  in  the  corn  field  for  stock 
to  eat ;  looks  like  a  frost  had  killed  it.  These  worms  did  not  retain  their  eotUm-let^ 
color,  bnt  underwent  a  great  change;  the  black  streaks  were  obliterated  and  green 
color  took  its  place;  the  half-grown  worms  became  stouter  and  shorter  and  more 
sluggish  and  of  a  dirty  green  color. 

The  change  in  the  worm  is  so  great  that  the  identity  of  the  worm  has  been  most 
stoutly  denied  by  very  good  farmers,  who  have  said,  **if  you  examine  them  elosely 
you  will  find  tbem  to  be  the  genuine  'grass'  worm.''  If  all  things  work  according  to 
my  views,  we  shall  be  visited  by  ''grass"  worms  next  spring,  which  will  eventually 
attack  the  cotton. 

9.  A  large  and  strong  light  carried  slowly  through  the  fields  will  surely  destroy  the 
moth ;  but  this  mnst  be  kept  up  once  a  week,  and  the  moth  mnst  be  startled  from  its 
rest. 

13, 14, 15.  Paris  green  cheapest,  used  in  powder ;  if  too  strong,  will  kill  plant  and 
any  animal  that  will  eat  the  plant.  Should  be  nsed  only  sufllciently  strong  to  kill 
worm  and  not  damage  the  plant.  Animals  should  not  be  allowed  in  fields  where  Paris 
green  is  nsed.  • 

In  regard  to  the  answers  herein  given,  my  aim  was  to  get  the  farmers'  individual 
opinion  unbiased,  and  after  taking  it  down  would  read  it,  and  ask  if  I  had  expressed 
him  correctly. 

P.  S.  CLARKE. 

C.  V.  Riley,  Chief  U,  S.  E,  C, 

Question  addressed  to  farmers  of  Waller  County,  Texas. — ^What  is  your  opinion  as 
to  the  manner  or  mode  of  perpetuation  or  preservation  of  the  Army  or  Cotton  Worm 
from  one  year  or  season  to  another?    In  what  condition  does  it  hibernate  f 

Answer  by  J.  A.  Pbkblbs. — ^The  miller,  or  fly,  makes  its  deposit  of  "  eggs  "  in  the 
fall  in  the  ground ;  they  hatch  out  in  the  summer,  these  eggs  reproducing  the  miller. 
The  miller  subsists  on  some  kind  of  food.  Believes  in  a  male  and  female  fly  and  cop- 
ulation. 

Answer  by  Dr.  J.  J.  Perry. — Believes  it  is  propagated  in  the  chrysalis  from  the 
chrysalis  burrowing  in  the  ground,  there  remaining  intact  till  the  period  of  incuba- 
tion has  expired,  when  the  moth  appears.  Duration  of  incubation  from  six  to  nine 
months.    Thorough  system  of  winter  plowing  would  eradicate  them. 

Answer  by  John  Peebles. — Believes  the  eggs  are  deposited  in  the  ground  by  the 
fly ;  there  remaining  till  cold  weather  is  over,  when  they  hatch  as  a  fly.  They  (the 
fly)  subsist  on  some  kind  of  food  while  existing ;  they  copulate. 

Answer  by  A.  T.  Bedell. — Some  of  the  eggs  remain  unhurt  by  the  winter  and  are 
hatched  out  in  the  spring,  and  in  this  manner  are  perpetnat'Od. 

Answer  by  Dr.  L.  W.  Grocb. — Believes  the  eggs  are  deposited  under  the  bark  of  the 
cotton-stalk,  under  and  at  the  ground,  and  in  this  manner  lie  dormant  through  the 
winter  and  hatch  out  in  the  spring.    No  copulation. 

Answer  by  J.  C.  Ralston. — The  fly  deposits  its  egg,  which  becomes  a  worm,  which 
becomes  a  chrysalis,  which  becomes  a  fly,  which  again  deposits  eggs.  The  fly  does 
not  eat.  The  egg  is  the  medinm  of  perpetuation,  which  holds  through  the  winter  in 
a  capsule. 

Answer  by  Dr.  William  Clinton. — The  flies,  or  moths,  are  brought  from  the  per- 
petual cotton  fields  of  South  America  by  strong  southern  breeze.  Each  year  termi- 
nates them,  and  again  are  brought  by  southern  breeze. 

Answer  by  Frank  Cooke. — Originated  in  Southern  States,  is  a  hybrid  or  cross  from 
common  grass- worm ;  deposit  their  eggs  on  cotton-stalks  or  in  the  ground,  from  which 
comes  the  first'  crop,  these  eggs  lying  in  the  ground  till  spring.  Can  be  destroyed  by 
deep  plowing  or  freeze. 

Aiiswer  by  Dr.  R.  C.  Watson. — The  moth  deposits  eggs  on  leaf,  hatches  in  worm, 
then  goes  into  chrysalis;  depends  on  peculiar  conditions  how  long  it  remains  in  thi« 
state,  from  which  comes  a  moth.    The  chrysalis  hibernates,  the  fly  copulates. 

Answer  by  R.  G.  White. — The  chrysalis  drops  from  the  stalk  and  becomes  covered 
under  ground ;  in  this  manner  is  preserved  during  the  winter.    The  moth  copulates. 

Answer  by  B.  F.  Elliott. — Believes  the  cateri)illar  gotss  in  the  ground  in  the  fall ; 
then  becomes  a  chrysalis ;  remains  dormant  till  next  summer,  when  it  hatches  out  a 
fly.    The  fly  eats,  copulates,  lives  three  or  four  weeks. 

Answer  by  Zack  Wooley. — The  moth  deposits  eggs  in  the  fall,  which  are  preserved 
through  the  winter  and  batch  out  a  worm  in  the  spring,  which  attacks  vegetation; 
then  go  to  work,  web  up,  and  turn  to  the  miller  again,  which  deposits  eggs;  tbess 
eggs  hatch  out  the  worm,  which  goes  to  work  on  the  cotton.  The  ny  eats,  copulates, 
irres  three  or  four  weeks. 
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Answer  by  M.  G.  Stanley. — The  caterpillar  iteelf  deposits  eges  in  the  ground  in  the 
&11.    This  egg  becomes  the  miller.    The  fly  oopnlates ;  does  not  eat. 

Answer  by  W.  W.  Moore. — The  worm  passes  into  chrysalis  and  in  this  condition 
remains  till  spring,  when  it  emerges  a  bntterfly.    No  copulation ;  no  eating. 

Answer  by  A.  A.  Pettuck. — The  worm  goes  into  the  ground ;  there  changes  to  chrys- 
alis and  remains  till  spring,  when  the  bntterfly  comes  forth  to  deposit  eggs  to  start 
the  worm  ;  fly  copulates  and  eats. 

Answer  by  *W.  J.  Buchanan. — ^They  go  into  the  stalks  of  cotton  or  small  stumps  at 
or  near  the  ground :  there  they  stay  as  a  worm  until  we  see  them  as  a  fly  in  the  spring. 
The  fly  copmatcs ;  lives  npon  juices  of  flowers. 

Answer  by  William  Ahrbnbeck. — They  pass  into  the  ground  in  the  chrysalis  state; 
there  remain  during  winter,  become  perfected  by  spring,  and  come  out  a  fly  in  spring ; 
must  be  male  and  leraale ;  do  not  eat. 

Answer  by  Daniel  Loogins. — They  go  into  the  chrysalis  and  remain  in  that  condi- 
tion till  next  year,  when  they  come  out  a  butterfly ;  copulate ;  do  not  eat ;  fly  lives 
four  days. 

Answer  by  Dr.  R.  H.  Boxley. — ^They  pass  into  chrysalis  state,  and  in  this  manner 
hibernate,  when  they  emerge  the  next  year  a  fly.  The  fly  coptdates,  but  does  not  eat ; 
lives  three  days. 

Answer  by  N.  K.  Alstone. — The  caterpillar  deposits  eggs  in  the  ground  in  the  fall ; 
they  lay  there  all  winter  and  come  out  a  fly  in  the  spring,  which  deposits  eggs  to  make 
the  worm.  Male  and  female  fly;  copulate.  They  must  eat;  fly  lives  two  or  three 
months. 

Answer  by  James  Logoins. — ^The  oaterpillar  changes  into  some  other  insect— don't 
know  what  this  is — which  hides  itself  till  spring  and  then  comes  out  a  fly ;  fly  copu- 
lates ;  feeds  on  something ;  lives  nine  days. 

Answer  by  John  Logoins.-  The  caterpillar  burrows  in  the  ground  in  the  fall;  it 
changes  there  to  chrysalis,  and  in  the  spring  comes  out  a  butterfly ;  fly  copulates ;  lives 
on  Juices  of  plants ;  existe  about  twenty-one  days. 

Answer  by  J.  F.  Groce.— The  fly  coes  into  the  ground  or  secretes  itself  in  some  hid- 
den place  in  the  fall  to  protect  itself  from  winter's  cold,  and  comes  out  in  July  and 
August  to  deposit  eggs;  no  copulation ;  no  eating  by  fly. 

Answer  by  Johnson  Hbnsley.— A  small  butterfly  lays  its  eggs  in  the  fall  in  old 
trssh,  leaves,  or  bark  of  cotton-stalks.  These  eggs  remain  intact  during  winter,  and 
in  months  of  June  and  July  hatch  out  the  worm.  The  fly  copulates  and  eats  juices 
of  vegetation.  First  saw  the  worm  in  Washington  County,  Texas,  in  year  1^,  on 
mik  Creek. 

Answer  by  Waller  Cochran. — The  caterpillar  burrows  in  the  ground;  there 
chances  into  chrysalis,  and  in  this  condition  stays  till  proper  time  to  hatch  out  a  fly. 
The  fly  copulates ;  does  not  eat ;  lives  two  or  three  weeks. 

Answer  bv  J.  D.  Mitchell. — They  remain  in  chrysalis  state  in  any  place  suitable 
to  protect  them  during  winter ;  in  spring  it  comes  out  a  fly,  which  deposits  eggs ;  fly 
copulates ;  subsists  on  juices  of  plants;  lives  fifteen  or  twenty  days. 

Answer  by  H.  Lewis. — They  go  through  the  winter  in  the  chrysalis  state.  After 
eating  up  the  cotton  (1879)  they  took  to  the  crab-grass  in  the  cornfield  and  devoured 
it  completely.  Did  not  discover  any  change  in  the  color  of  worm  after  eating  the 
gr^ss.    The  fly  lives  six  or  eight  weeks. 

Answer  by  Dr.  E.  Montgomery. — The  chrysalis  is  the  medium  of  perpetuation  dur- 
ing and  through  winter.    The  fly  eats  and  copulates. 

Answer  by  J.  H.  Davis. — The  chrysalis  for  the  most  part  turns  out  a  fly,  but  some- 
times a  cross  between  a  chrysalis  and  worm.  This  cross  goes  into  the  ground  and  into 
trash  and  lays  there  till  spring,  or  a  suitable  time,  when  it  comes  out  a  fly.  Sometimes, 
when  the  weather  is  not  suitable,  very  few  develop,  and  consequently  we  have  very 
few  worms.    The  fly  does  not  copulate,  and  does  not  eat. 

Answer  by  Thomas  Armer. — The  fly  secretes  itself  in  some  warm  place,  where  it 
hides  till  winter  is  over  and  warm  weather  comes  to  bring  it  out ;  male  and  female 
fly ;  copulates,  but  does  not  eat.  Believes  the  worm  eating  up  the  grass  is  a  totally 
different  one  from  the  Cotton  Worm. 

Answer  by  Thomas  Ray. — Believes  they  pass  the  winter  in  the  chrysalis  state ;  have 
frequently  seen  them  plowed  up  out  of  the  ground ;  male  and  female  fly ;  fly  lives  about 
ten  days.  The  worm  now  eating  up  the  grass  is  a  totally  different  worm  from  the  Cot- 
ton Worm,  it  beiog  of  a  green  color  and  smaller. 


LrvTNGSTON,  Sumter  County,  Alabama, 

September  5,  1879. 

M%|.  J.  G.  Harris  handed  me  your  circular  and  letter,  with  request  that  I  should 
replv  to  the  same.  I  herewith  inclose  my  essay  on  destroying  the  Cotton  Worm,  writ- 
ten m  1873,  which  will  give  my  answers  to  many  of  the  questions. 
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1.  This  county  was  oocnpied  by  the  Choctaw  Indians  till  1832,  and  was  mostly  set- 
tled up  by  the  white  people  in  1B33|  and  rapidly  cleared  up  and  planted  largely  in 
cotton. 

2.  The  first  year  of  the  worms  was  in  1842  (so  far  as  I  know),  when  they  stripped 
the  foliage  from  the  cotton  in  September. 

3.  They  are  generally  worse  after  a  winter  of  even  temperature,  not  very  cold.  Last 
winter  was  a  very  cold  one,  and  the  worms  have  worked  about  in  patches  through 
the  two  past  months,  but  not  extensively  damaging  the  cotton,  though  the  weather 
has  been  very  wet,  and  the  moths  are  now  appearing  in  considerable  numbers.  We 
have  them  in  damaging  numbers  one  or  two  years,  and  then  an  intermission  of  two  or 
three  years,  and  sometimes  alternating  in  different  sections  of  the  county. 

4.  Wet  summers  are  much  the  most  favorable  for  their  multiplication.  In  dry, 
warm  summers  they  do  not  multiply. 

5.  By  the  middle  of  May,  but  generally  not  till  June,  in  their  earliest  but  small  gen- 
erations. In  1873  the  destructive  brood— second  or  third  generation — stripped  the 
cotton  of  foliage  in  July  and  early  in  August ;  usually  not  till  the  last  of  August  and 
September. 

o.  They  generally  appear  earliest  in  ''bottom  lands"  and  prairie,  where  adjoining 
thick-set  wood  lands. 

7.  They  hibernate  in  the  moth  state ;  and  also  the  very  late-fprmed  chrysalis  exists  in 
that  state  through  the  winter,  where  protected  from  severe  cold  by  grass  or  other 
herbage  or  covering,  and  perhaps  in  the  ground. 

8.  All  our  insectivorous  birds  consume  the  worms,  and  the  moths  to  some  extent, 
but  which  are  not  out  on  the  wing  except  at  late  evening  and  at  night,  or  at  a  dark, 
cloudy  evening. 

9.  No  methods  to  destroy  the  moths  have  proved  effectual ;  but  fires  attract  them 
most,  when  some  are  burned  or  their  wings  disabled,  and  molasses  will  stick  and  hold 
some  when  attracted  b^  a  candle  standing  in  the  plate  or  vessel.  This  is  the  only 
known  meansof  destroying  the  moth  of  the  boll- worm,  and  preventing  the  great  dam- 
age to  the  oottoQ  crop  by  their  more  obscure  depredations,  and  might  be  effectual  to 
lessen  them  much  by  the  persistent  use  of  great  numbers  of  these  plates  of  molasses, 
with  lamps  or  lanterns  so  made  that  they  could  fly  into  and  be  burned,  and  thus  de- 
stroying them  before  laying  their  eggs  in  the  cotton  blossom.  But  sugar  or  simps  do- 
not  perceptibly  attract  by  themselves. 

10.  These  things  are  only  useful  in  plates,  when  the  moths  are  attracted  by  lights. 

11.  Know  of  no  flowers  which  attract  the  moth,  except  the  cotton  blossoms  attraoW 
the  moth  of  the  boll-worm,  in  which  it  deposits  the  eggs,  one  in  each  blossom;  and 
these  blossoms  are  expanding  from  early  June  to  September  which  perfect  cotton, 
and  thence  on  into  October,  but  which  are  too4ate  t<o  mature. 

12.  Know  nothing  of  the  influence  of  jute  grown  near  cotton. 

13.  Know  nothing  better  than  Paris  green  or  cheaper  than  arsenic  to  destroy  the 
worms,  but  have  an  essay,  in  pamphlet,  published  in  1874,  on  ''The  Texas  Cotton 
Worm  DeHtroyer,''  discovered  and  patented  by  J.  D.  Braman  and  A.  Robira,  "  which 
is  a  salt  of  arsenic  that  readily  dissolves  in  cold  water,?  **  four  ounces  of  which,  dis- 
solved in  40  gallons  of  water,  and  costing  25  oeut-s,  and  sprinkled  over  an  acre  of  cotton 
with  a  watering-pot  or  sprinkling-machine,  will  effectually  destroy  the  worms  and 
preserve  the  cotton.''  Patented  by  Robert  Renniein  1874.  And  they  claim  that  it  is 
better,  safer,  and  cheaper  than  the  other  articles  named. 

14.  Have  not  known  of  any  injurious  effects  from  the  poison  to  men  or  animals,  but 
heard  of  some  through  want  of  caution.  The  cotton  leaves  are  quickly  crisped  and 
killed  by  the  application  of  more  poison  than  is  necessary  to  kill  the  worms  or  in  too 
concentrated  a  form. 

15.  The  best  methods  of  destroying  the  worms  are  given  in  the  above  answers  and 
in  my  essay,  and  the  most  expeditious,  with  the  cheapest,  will  be  to  use  the  poison 
in  a  dissolved  form,  and  applied  with  a  fountain  hand-mimp, 

16.  The  cost  per  acre  to  protect  a  crop  of  cotton  by  Killmg  the  worms  with  poisoa 
will  be  from  25.  cents  to  $1  and  about  half  a  day's  work  with  the  fountain  hand-pump, 
to  apply  the  poison  in  water,  dissolved;  or  with  sifters  lined  with  muslin*  to  appiy 
the  poison  in  dry  form,  well  mixed  and  incorporated  with  plaster  or  flour,  when  the 
cost  oft  he  flour  may  be  added  to  the  above-named  cost,  which  w^as  given  only  as  the 
cost  of  the  poison.  What  would  be  the  cost  of  lamps,  lantern  traps,  vessels,  and 
material  to  destroy  the  moth,  particularly  that  of  the  boll-worm,  which  does  a  vast 
amount  of  injury  to  cotton  crops,  or  even  to  materially  lessen  the  numbers,  cannot 
DOW  be  estimated,  as  it  has  not  been  sufficiently  tested.  The  fountain  pump  costs 
about  $5. 

Respectfully, 

L.  D.  HOYT. 
Pi  of.  C.  V.  RiLBY. 
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Pabibh  of  Concordia,  Louisiana, 

Lake  C&ncordia,  August  8, 1879. 

it  the  year  1810  the  planters  of  this  parish  and  the  acMoining  coanty  of  Adams, 
rhom  owned  property  in  both  localities,  commenced  abandoning  the  onltore 
,  and  subetitated  that  of  the  cotton  plant. 

first  Cotton  Worms  or  CaterpiUars  were  noticed  in  1840,  both  in  this  parish 
dams  County.  They  were  noticed  in  August  cutting  the  cotton  in  rank 
he  second  crop  stripped  the  rank  cotton  in  September.  The  appearance  of 
fore  unknown  insect  caused  a  meeting  of  all  the  leading  planters,  and  it  was 

agreed  that,  owing  to  the  luxuriant  rank  growth  of  the  cotton  stripped  by 
s,  thev  were  rather  a  benefit  than  otherwise,  leaving  the  bolls  exposed  to 
and  thus  insuring  their  ripening.  The  worms  again  appeared  in  greater 
In  1844  and  1846,  doing  considerable  damage  both  years,  especially  in  the  lat- 
18  they  stripped  every  field  in  the  county  before  maturity.    They  continued  to 

numbers  at  intervals  up  to  the  breaking  out  of  the  war,  but,  as  the  culture 
tton  plant  was  pushed  forward  very  early  under  the  then  existing  system 
the  yield  was  not  much  shortened  by  the  stripping  of  the  leaves  in  Septem- 
nany  planters  continued  to  think  that  the  large  cotton  in  new  grounds,  of 
>re  was  a  considerable  quantity,  was  benefited  oy  the  loss  of  foliage, 
character  of  the  winter  seems  to  have  very  little  influence  upon  the  propa- 

the  Cotton  Worm ;  its  development  in  greater  or  less  numbers  seemH  to 
rincipally  upon  the  character  of  the  summer  season.    A  wet,  rainy  snmmer, 

rank,  succulent,  growth  of  the  plant,  is  peculiarly  adapted  to  their  propaga- 
untless  numbers,  even  apparently  shortening  the  period  between  their  reap- 
from  twenty-one  to  eighteen  days,  and  causing  them  to  appear  in  such  num- 
lat  is  commonly  called  the  second  crop  (in  August)  as  to  almost  destroy  the 
the  cotton,  and  not  leave  sufficient  foliage  to  sustain  the  next  generation 
iber  for  more  than  half  their  allotted  seven  days.  For  instance,  the  winter 
3  was  one  of  the  coldest  known  in  this  latitude  for  years.  Worms  were 
1  the  latter  part  of  May,  and  by  the  last  of  August  the  cotton  fields  of 
h  were  perfectly  bare,  and  yet  still  another  crop  of  worms  hatched  in  lat- 
f  September,  and  destroyed  croiis  saved  by  application  of  Paris  green, 
summers  are  almost  essential  to  the  reproduction  in  any  great  numbers  of 
.  Many  of  the  eggs  do  not  hatch  in  dry  weather,  and  then  the  many  enemies 
rm  have  a  better  chance  to  destroy  them. 

(68,  the  first  year  of  my  experience  as  a  planter,  I  noticed  a  few  in  spots 
y  15.  August  7  they  were  quite  numerous  in  spots.  August  ts25  they  reap- 
id  iigured  the  crop  considerably ;  worms  green,  with  two  rows  of  yellow,  with 
ts  down  back.  September  8  a  more  numerous  crop  stripped  portions  of  the 
ptember  25  the  green,  with  black  stripes  down  back,  appeared,  and  soon 
he  plants  of  every  leaf  and  small  boll.  In  1869 1  found  a  few  worms  as  early 
i,  full  grown,  pale  green,  marked  with  white  and  yellow  spots.  July  15  a 
noticea  in  rank  cotton.    August  7  they  were  quite  numerous  in  spots  of  same 

of  cotton.  August  27  the  green  and  black  spotted  worm  *' chopped''  the 
lly  over  whole  crop,  and  successive  crops  appeared  each  week,  September 2, 
r8;  and  then  on  September  20  the  green  and  black  stripcfd  worm  com- 
dipping  the  crop.  This  was  a  very  wet  season,  cotton  growing  very  large, 
te  the  loss  of  leaves,  the  yield  per  acre  was  about  one  bale  of  400  ponuds 

the  season  was  one  of  the  driest  ever  known.  I  did  not  find  worms  until 
r  15,  and  then  the  green  and  black  striped.  They  were  not  in  sufficient  num- 
»  any  harm.  In  loTl,  the  first  worms  noticed  from  1st  to  15th  July,  grt-en; 
d  August  15.  green,  with  black  spots ;  September  10  appeared  in  considerable 
green,  black  striped,  but  did  not  entirely  strip  the  plant;  extremely  wet 
It  dry  summer.  In  1872  the  first  noticed  were  on  September  9,  green,  yellow 
lack  spots ;  reappeared  July  15,  all  sizes  and  stages ;  August  20  to  25,  heavy 
reen,  black  striped,  stripping  the  cotton  early  in  September.  In  1873  found 
lis  latter  part  of  May ;  had  seen  flies  around  buildings  on  warm  days  in  Feb- 
d  not  pay  much  attention  to  their  reproduction  until  July  25,  when  the  green 
:  spotted  ones  appeared  in  considerable  quantities.  August  15  the  green  and 
pea  worms  came  in  myriads,  and  made  short  work  of  the  rank,  succulent 
le  growth  of  a  rainy  summer.  I  saved  900  acres  by  applying  Paris  green ; 
in  one  part  of  the  parish  was  destroyed  by  October  1,  the  flien  having  been 
tO  my  fields  from  adjoining  plantations  by  a  heavy  wind  the  week  previous ; 
on  another  plantation,  being  isolated,  was  not  again  molested, 
the  first  and  second  appearances  were  noticed  latter  part  of  July  and  Au- 
itember  4,  considerable  numbers  of  all  sizes  and  grades ;  September  14,  num- 
lient  to  strip  the  cotton  crop,  as  it  was  mostly  planted  after  an  overflow, 
aris  green  in  places,  but  the  worms  disappeared,  probably  destroyed  by  birds 
■s.    In  1875,  although  not  an  unusually  dry  year,  no  worms  were  WQlv^til. 
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In  1876,  fonnd  a  few  worms  on  Jaly  12;  August  2,  considerable  numbeTsin  spots;  Ad- 
gust  22,  reappeared  in  considerable  numbers,  all  grades  and  sizes,  but  by  Seiitember 
7  they  bad  mostly  disappeared,  it  being  very  dry  and  hot,  and  birds  and  insects  l)eing 
plentiful.  In  1877,  noticed  worms  in  July;  August  10,  good  many;  August  16,  in 
sufiSoient  numbers  to  Justify  use  of  Paris  green  in  places,  which  saved  that  portion 
of  the  crop,  but  the  worms  reappeared  in  force  September  WO,  and  by  25th  there  was 
not  a  leaf  left.  In  1878,  full-grown  worms  seen  August  9,  earlier  broods  not  noted; 
August  21,  full  crop  green,  black  spots,  out  qver  large  area  of  the  country,  thou|^bnot 

f general;  again  used  Paris  green  with  success;  September  12  to  19,  cotton  stripped, 
n  1879,  the  worm  was  first  seen  about  June  20 ;  about  July  15  it  was  again  observed, 
and  now  they  are  found  through  the  fields  in  all  parts  of  the  parish,  always  the  pale 
green,  yellow,  striped,  and  black  spots.  We  look  for  a  pretty  full  crop  about  25th, 
and  a  destructive  one  about  September  10,  with  continuance  of  this  favorable  showery 
weather,  unless  some  natural  causes,  in  way  of  birds  or  insects,  prevent  their  propa- 
gation. 

6.  The  Cotton  Fly  is  a  shy  insect,  and  seeks  shelter  in  large  cotton,  which  grows  in 
damp  spots ;  there  the  eggs  are  deposited  and  the  first  worms  hatched. 

7.  The  moth  hibernates  between  the  bark  of  old  logs  and  dead  trees,  in  the  lofts  of 
bams,  gins,  and  outbuildings,  protected  between  shingles,  or  in  crevices,  in  a  state  of 
torpor*    Only  a  few  survive  the  rigors  of  winter ;  hence  the  very  few  which  appear  in 
the  earl^  spring.    It  is  my  impression  that  the  moth  is  impregnated  in  the  fall,  bu^^ 
this  is  simply  a  matter  of  conjecture. 

8.  Nearly  all  birds  and  fowls  devour  the  Cotton  Worm  with  avidity,  but  the  com 

mon  black-bird,  which  to  a  considerable  ext^-nt  hibernates  in  this  region  and  breeds^ 
here,  is  the  greatest  enemy  among  birds.  The  common  red  wasp,  the  small  red  ant^^ 
a  species  of  large  green  spider  that  I  have  never  observed  except  on  the  cotton  plant^^ 
a  hexagon  shaped  bug,  green  and  sometimes  brown  (it  being  apparently  of  a  chameleons 
nature),  flat  and  emitting  a  very  disagreeable  odor  when  ronghly  touched,  arme^H 
with  a  long,  sharp  bill  which  it  carries  under  the  body — commonly  called  the  pump— ^ 
kin-bug — and  lastly,  the  Ichneumon  fly,  all  destroy  the  worm  in  its  various  stl^;ee  a 
transition — the  ant  even  taking  the  larv»  from  tbe  under  side  of  the  leaves.  Thi 
wasp  and  Ichneumon  fly,  where  numerous,  seem  to  be  most  destructive. 

9.  The  experiment  of  saving  a  crop  from  worms  by  destroying  the  moth  was  m( 
effectually  tried  prior  to  the  war  when  well-controlled  labor  was  at  hand  and  mone^ 
was  plentiful,  and  since  then  some  enterprising  men  have  spent  much  money  and  tim~ 
in  the  vain  attempt  to  save  their  crops  by  this  means,  but  none  in  this  section  bav« 
succeeded.  There  are  many,  many  times  more  worms  hatched  than  necessary  to  ooi 
plete  the  work  of  destruction  ;  besides,  my  belief  is  that  the  moth  deposits  its  eeu 
before  leaving  shade  of  the  thick  cotton,  aud  having  accomplished  its  destructive* 
mission  then  flies  about  in  the  air. 

10.  The  moth  is  attracted  by  the  light,  and  my  observation  is  that  the  vessels  con- 
taining molasses,  &c.,  being  placed  around  the  light,  serve  more  to  entrap  than  attract 
them.  The  moth  is  very  destructive  to  fall  fruit,  puncturing  it  so  soon  as  it  begins  to 
ripen. 

11.  Have  never  noticed  moth  about  flowers. 

12.  Have  never  seen  the  experiment  tried. 

13.  Arsenic  itself  is  used  by  some  persons,  they  claim,  successfully,  and,  of  course, 
as  it  only  takes  about  one-quarter  of  a  pound  to  an  acre,  it  Is  the  cheapest  poison  thst 
can  be  used  ;  but  owing  to  the  great  weight  and  the  perfect  insolubility  of  arsenie 
with  water,  I  have  found  it  a  very  unsatisfactory  application ;  first,  unless  incessantlv 
stirred  and  shaken  it  precipitates  and  clear  water  is  applied,  and  the  Cotton  Worm 
lives  on. 

Secondly,  if  too  much  is  carried  in  suspension  upon  the  cotton  it  bums  all  young 
bolls  and  leaves.  The  Texas  Worm  Destroyer,  a  salt  of  arsenic,  has  considerable  rep- 
utation  and  does  dissolve  in  water,  but,  individually,  I  have  been  unable  to  attain  toe 
happy  medium  of  mixture — either  the  worms  are  not  killed  or  the  cotton  is  much  burnt 
when  applied  strong  enough  to  kill.  A  solution  of  arsenic  known  in  this  section  as 
'*  Early  Bird,"  and  which  dilutes  readily  with  water,  has  the  same  objection — it  has 
to  be  made  too  weak  to  kill  worms  or  it  kills  worms  and  bums  cotton  at  the  same  time. 
Hence  I  find  myself  compelled  to  adhere  to  the  Paris  green,  even  when  run  up  to  75 
cents  per  pound,  as  was  the  case  in  1873.  Have  tried  sundry  other  poisons  withoot 
efiect.  Am  now  having  prepared  several  solutions  of  Paris  green  with  ammonia  for 
experiment.  As  the  great  trouble  is  that  Paris  green  will  not  dissolve  in  water — being 
only  held  in  a  state  of  suspension  and  precipitating  so  soon  as  the  water  ceases  to  be 
agitated — the  water  into  which  it  is  put  has  to  be  constantly  stirred,  and  the  2-gallon 
pots  from  which  it  is  sprinkled  have  to  be  constantly  shaken  violently ;  therefore  we 
nave  beeu,  so  far,  unable  to  use  any  mechanical  process  of  sprinkling. 

14.  When  applied  too  strong,  say  in  greater  proportion  than  1  pound  of  green  to  40 
gallons  of  water,  or  6  pounds  of  green  to  200  pounds  of  flour  and  land-plaster,  the  mix- 
ture will  barn  aud  kill  young  boUa^  fonna^  ana  tender  leaves,  and  thus  do  aa  much  harm 
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orms.  Occasional  instances  of  men  being  naaseated  while  mixing  the  green  with 
r  and  plaster,  or  even  while  sifting  It  on  the  plant,  have  come  to  my  notice ;  but 
igle  dose  of  the  antidote,  hydnited  oxide  of  iron,  always  gave  relief.  A  good  many 
mces  occur  of  men  becoming  chafed  by  riding,  and  the  flour  mixture  and  even  the 
ar  getting  on  their  persons  causes  soreness,  and  sometimes  swellinff  of  the  parts 
>mpanied  by  an  eruption  of  white  pimples ;  but  this  is  soon  relieved  by  the  use  of 
antidote  externally  or  an  occasional  application  of  sweet  oil  and  sprinkling  of 
This  trouble  is  prevented  by  use  of  oil-cloth  aprons  and  free  use  or  strong  soap 
r  working  with  the  mixtures.  Mules  are  sometimes  made  sore  around  and  under 
tail  and  on  flanks  and  shoulders  if  care  is  not  taken  to  wash  them  clean  of  the  flour 
tnre,  which  becomes  caked  in  the  hair. 

.  I  have  found  the  application  of  Paris  green  the  surest  poison  for  destroying  the 
n,  applied  in  the  early  morning  and  late  evening,  mixed  with  flour  and  equal 
s  plaster  of  Paris  and  land  plaster,  6  pounds  green  to  200  pounds,  carefully  and 
oughly  mixed  and  sifted  before  using,  and  then  sifted  on  each  side  of  the  row 
ugn  a  No.  24  sifter,  and  during  the  heat  of  the  day  when  the  leaves  are  dry,  | 
id  to  1  pound  green  to  40  gallons  water,  sprinkled  on  each  side  of  the  row  with  a 
lion  watering-pot,  ordinary  sized  rose,  perforated  with  holes  about  the  size  of  a 
ting-needle.  The  drawbacks  the  cotton-grower  has  to  contend  with  are  many, 
t,  if  the  worms  come  early,  say  about  August  1,  in  sufficient  numbers  to  justify 
086  of  green,  the  next  crop,  which  comes  about  September  1,  will  destroy  his  crop ; 
ies  the  work  of  cultivation  is  not  completed.    If  they  do  not  appear  until  1st  to 

of  September,  he  is  then  compelled  to  devote  his  time  to  picking  the  crop  on 
J  lanos,  and  a  loss  of  a  week  from  this  important  work  results  eventually  in  great 
If  the  worm  appears  in  foroe  about  the  middle  of  August  the  planter  is  then 
sr  prepared  to  destroy  them,  and  the  plant  in  a  better  condition  to  Justify  the  ex- 
« ;  but  often  the  weather  is  very  showery,  and  much  of  the  green  is  washed  off, 
the  plant  is  partially  stripped  before  the  worms  are  killed ;  also,  now  that  Paria 
n  is  BO  extensively  used  for  this  purpose,  the  article  is  very  much  adulterated,  and 
e  he  pays  less  apparently  per  pound  for  it,  it  requires  more  of  it  to  same  quantity 
oar  or  water,  and  even  then  it  m  not  so  destructive.  Our  great  need  is  a  ckeapy. 
ile  poison,  which  will  dissolve  thoroughly  in  water  and  kill  the  worm  and  not 
i  the  cotton. 

.  The  cost  of  application,  outside  of  first  cost  of  the  Paris  green,  depends  upon  a. 
I  many  contingencies — convenience  of  water,  size  of  cotton  plant  requiring  moi-e 
«B  of  the  mixture  to  the  acre.  Where  applied  mixed  with  water  and  the  water 
nvenient,  as  is  generally  the  case  in  this  parish,  it  will  cost  from  $1  to  $1.50  per 
.  When  applied  mixed  with  flour  and  plaster  (by  far  the  most  efficacious  pro  • 
)  it  will  cost  from  $1.50,  at  the  lowest,  to  ^.50  per  acre.  The  best  and  surest  plan 
he  cotton-planter  to  protect  himself  against  the  ravages  of  Cotton  Worms  is  to 
up  his  lands  in  December,  and  very  early  in  January  replow,  plant  early,  and 
»  the  plant  to  maturity  by  constant,  judicious  cultivation.  This  mode  costs  a» 
h  per  acre  as  the  application  of  Paris  green,  but  it  is  money  bett-er  spent,  as  the 
is  kept  in  better  plight  by  such  a  process.    Still,  under  favorable  circumstances, 

a  strong  advocate  for  the  use  of  Paris  green,  or  any  other  efficient  poison,  to  kill 
worm,  and  use  the  green  whenever  my  crops  are  threatened  with  injury  by  the 

DS. 

Very  respectfully  yours, 

F.  S.  SHIELDS. 
V.  Riley,  Chief  V.  S,  E,  C. 


Natchitoches,  La.,  Septembtr  29,  1879. 

rat,  in  order  to  answer  your  questions  intelligently,  I  will  give  a  slight  outline  of 
(eograpbical  location  and  situation  of  the  parish  of  Natchitoches.  It  is  situate 
le  northwest  part  of  the  State  of  Louisiana,  the  greater  portion  being  imme- 
»ly  south  of  the  thirty-second  degree  of  north  latitude,  it«  greatest  length  being 
1  southeast  to  northwest.  It  had  a  population,  according  to  the  census  of  1870,  of 
(5.  Had  in  cultivation  last  year,  or  rather  in  the  previous  year  (1877),  in  cotton, 
X)  acres,  and  produced  13,949  bales  of  cotton.  '  The  lands  are  particularly  fertile 
productive,  yielding  the  greatest  abundance  of  the  fruits  of  the  earth  with  a 
I  outlay  of  labor.    As  to  your  questions : 

I  answer  only  for  the  parish  of  Natchitoches,  La.  Cotton  was  first  planted  in 
parish  about  the  beginning  of  this  century. 

The  first  appearance  of  the  worms  in  this  locality  was  in  the  year  1823,  late  in  the 
imnal  season,  and  they  did  but  little  damage  to  the  cotton  plant.  The  second 
I  wa^  in  the  year  1840,  doing  again  very  little  damage,  and  creating  no  alarm  in 
DQinds  of  the  planters;  but  when  they  came  again,  in  the  year  1844,  they  did  con- 
rable  damage,  causing  serious  alarm  to  those  engaged  in  planting,  making  them 
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ask  the  qaestion  if  it  would  pay  to  coatioue  the  basiness.  B.v  the  end  of  the  month 
of  AuguBt  every  leaf  was  stripped  from  the  plant  as  if  a  killing  frost  had  fallen. 
After  this,  confidence  was  restored  and  cotton  planted  extensively  nntil  the  year  lb4^ 
when  again  the  crop  was  destroyed.  The  damaee  was  considerable,  and  the  yield 
lessened  at  least  25  per  cent.  After  this  no  particmar  attention  was  paid  to  the  worms 
until  after  the  close  of  the  late  war,  since  which  time  they  have  reduced  the  yield 
year  after  year,  until  they  became  so  destructive  as  to  almost  deter  planters  ftom  en- 
gaging: in  the  business. 

3.  IiJ  order  to  answer  this  question  intelligently  I  have  obtained  the  following  facts 
in  regard  to  the  appearance  of  the  worm  from  the  year  1867  up  to  and  including  this 
present  year,  1879. 

Rain  for  the  monikn  of  April,  Majf,  June,  and  July, 

Inches.  \                                                                      Inchei- 

1867 29A  I  1H74 17^ 

1868 18A  '  1875 7^ 

1869 22^     1876 9^ 

1870 19A     1877 20X 

1871 21A     1878 15fe 

1872 23T^tf     1879 I6t« 

1873 23ig 

Ah  to  the  temperature  of  the  months  of  December,  January,  February,  and  March, 
Dr.  F.  Johnson  says  :  "As  to  mean  temperature  of  these  same  months,  the  variation 
is  too  little  to  have  any  influence  on  the  question  before  you.  Compare  your  noteson 
caterpillars,  and  see  if  you  can  find  any  mutual  connection  between  lemperatuK, 
rains,  and  worms.     T  do  not  think  there  are  anv  satisfactory  bonds  of  connection." 

Caterpillars  in — 
1867. — First  appeared  about  6th  of  June;  destroyed  crop  last  of  July. 
1868.~First  appeared  1st  day  of  May ;  destroyed  crop  10th  of  August. 
1869. —First  appeared  20th  of  June ;  destroyed  crop  20th  of  August,  partially. 
1870.— First  appeared  20th  of  June ;  destroyed  crop  20th  of  August. 
Ib71. — First  appeared  15th  of  June :  destroyed  crop  20th  of  August. 
1872. — First  appeared  20th  of  June;  destroyed  crop  20  th  of  August. 
1873. — First  appeared  10th  of  June  ;  destroyed  crop  1st  of  August. 
1874. — First  appeared  20th  of  June;  destroyed  crop  20th  of  August. 
1875. — First  appeared  20th  of  June ;  destroyed  crop  20th  of  August. 
1876. — First  appeared  20th  of  June ;  destroyed  crop  last  of  August. 
1877. — First  appeared  20th  of  June;  destroyed  crop  20th  of  Auf^ust. 
1R78. — First  appeared  15th  of  June ;  destroyed  crop  25th  of  August. 
1879. — First  appeared  20th  of  June ;  did  not  destroy  crop. 

4.  This  question  is  answered  by  the  preceding  answer  so  far  as  figures  can,  and 
from  the  statistics  it  appears  that  weather  has  no  particular  influence  on  them.  Tou 
will  observe  that  the  months  of  April,  May,  June,  and  July  of  1869  wero  among  the 
wettest  of  the  caterpillar  years,  yet  the  crop  was  only  partially  destroyed,  and  for  the 
same  months  of  the  year  1876  we  had  nearly  two-thirds  less  rain  and  tlie  crop  waa 
destit)yed  as  usual.  As  to  their  destruction  by  the  ants,  that  will  be  more  fully  ex- 
plained later  on.  The  plant  during  a  dry  spring  is  of  very  slow  growth,  and  may  not 
be  able  to  furnish  the  necessary  pabulum  for  the  life  and  growth  of  the  worm.  This 
might  be  accounted  one  of  the  causes  of  a  wet  year  favoring  their  development;  there 
is  more  surface  and  food  for  them  in  a  wet  spring  than  in  a  dry  one. 

5.  They  have  frequently  been  seen  as  earlv  as  the  first  days  of  the  month  of  May. 
notably  in  the  year  1868,  when  they  appeared  in  great  numbers  in  some  localities,  and 
did  considerable  damage  to  tbe  cotton  plant.  Many  planters  wero  much  alarmed  at 
tills  early  appearance,  and  thought  themselves  rninea  again.  The  plant  was,  how- 
ever, yet  young  and  recovered  from  the  damage,  and  a  pretty  good  crop  was  made. 

6.  In  the  low  moist  places  when  the  cotton  is  greenish  and  more  tender. 

7.  The  insect  undoubtedly  passes  the  winter  in  the  butterfly  form,  which  is  the 
fourth  and  last  stage  of  their  existence.  Tbey  belong  to  the  species  Lepidoptera,  and 
geuus  Papilio,  and  are  the  proceeds  of  the  chrj'salides  firom  the  caterpillars.  They  are 
about  seven-eighths  of  an  inch  long,  of  a  dark  grayish  color,  not  so  pronounced  on  the 
under  side  of  their  wings,  with  a  characteristic  dark  circular  spot  on  each  wing.  Tbe 
last  seen  of  the  caterpillar  in  the  autumnal  season,  when  the  crop  of  cotton  is  destroyed, 
is  in  the  form  of  the  chrysalis,  for  after  they  eat  all  of  the  cotton  leaves  they  proceed 
to  **  web  un^'  on  any  leaf  that  will  aflbrd  tnem  protection.  This  chrysalis  produces 
the  butterny,  which  immediately  prepares  for  hibernation.  It  is  ray  opi  ion  that  they 
■eek  winter  quarters  before  they  mingle  in  concourse  with  the  males,  hence  their  eggs 
Are  not  fertilized  until  after  thev  co\Tk«>ftoml\\Q\r  torpid  state  in  the  spring  of  the  year. 
Tiiey  may  be  seen  lutbe  warm  cia^a  ol  3«L\iw;«i  ,^€Vst^^ax^^wt>^axftVi^uea^  the  eaves  of 
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houflce  covered  with  shingleB.  or  iu  corners  of  feuces  maile  of  niils  with  the  Uark  on 
thenj.  Ju8t  before  suoset,  After  one  of  these  warm  days,  they  will  come  out  and  flj 
around.  At  this  time  they  do  DOt  pooaeas  the  same  brilliant  colors  that  they  do  in 
spring  and  snmmer  when  they  are  depositing  their  eggs,  and  oue  not  perfectly 
acquainted  with  them  might  mistiJie  them  for  another  species.  They  therefore  i^ass 
the  winter  iu  the  butterfly  form,  iu  a  semi-torpid  coudiiion ;  yet,  strauge  to  remark, 
Okpansant,  the  first  thing  seen  of  them  iu  the  spring  of  the  year  is  the  worm  itself. 

o.  First,  birds  (Jre«)  of  various  kinds  aud  conditions  feed  more  or  less  on  them; 
among  others  I  will  mention  the  mocking-bird  ( Orpkeu»  polifgloitrnM  of  Liumeus).  This 
bird  feeds  extensively  on  the  Cottoi*  Caterpillar  {Aletia  xyliua)  iu  the  eaily  montha 
of  its  existence ;  but  they  are  not  gregarious,  hence  their  work  is  little  appreciated  in 
this  direction,  they  not  being  disposed  to  go  iu  flocks  or  localize  or  concentrate  their 
destrnctiveuess. 

This  i»reseut  year  (H79)  the  Cotton  Worms  have  not  developed  as  rapidly  and  as 
numerously  as  they  have  done  usually  heretofore,  and  among  other  causes  retardiuf 
their  progress  has  l>een  pointed  out  as  their  great  enemy  the  red-winged  blaok-biru 
(AgelcBHM  ph(£niceu9).  This  bird  has  been  seen  iu  large  flecks  iu  the  cottou-flelds  ver^i 
early  this  year.  These  birds  have  been  seen  frequenting  our  fields  and  forests  iu  great 
numlHsrs  late  in  the  autumnal  season,  but  have  never  been  knowu  here  iu  the  muutha 
of  July  and  August  before.  One  planter  told  me  that  he  saw  one  flock  of  at  least  forty 
thousand  in  the  cotton -field !  This  number  may  have  been  cousiderably  exaggerated, 
but  there  is  no  question  that  they  have  been  iu  the  cotton-fields  during  these  early 
montha,  July  and  August,  iu  very  great  quantities,  such  as  have  never  l>eeu  seen  before. 
1  have  been  informed  that  they  feed  upon  the  worms  in  three  of  their  forms,  the  butter- 
fly, caterpillar,  aud  chrysalis.  These  birds  should  be  protected  and  permitted  to  build 
their  nests  undisturbed  by  the  hunter's  shot  or  idle  boy's  hand.  Many  other  solitary 
birds  feed  upon  them,  but  their  work  is  not  appreciated.  « 

As  to  quadrui>eds,  there  are  none  knowu,  with  perhaps  the  single  exception  of  the 
raccoon  (Procyon  loior).  He  has  been  seen  feeding  on  them,  aud  planters  inform  me 
that  they  have  seen  the  tops  of  the  stalks  bent  andbroken,  evidently  the  work  of  the 
coon  iu  search  of  the  caterpillar. 

Insects.  Ants  (family  FormicidcBj  order  Hymenoptera)  have  always  been  looked  upon 
as  one  of  the  most  inveterate  enemies  of  the  Cotton  Caterpillar,  destructive  to  them 
in  all  of  their  four  diflerent  forms.  They  will  detach  the  egg  from  the  leaf  and  bear 
it  off  to  their  formicary ;  attack  and  kilf  the  worm  either  in  its  active  eating  state  or 
when  under  the  torpidity  of  the  secouaor  chrysalis  state,  and  if  it  is  possible  for  them 
to  capture  a  butterny  it  shares  the  same  fate.  It  may  be  owing  to  tneir  inability  to 
procreate  aud  move  about  during  wet  weather  that  tiie  worms  are  enabled  to  escape 
their  depredations.  It  is  a  well-known  fact  that  the  female  ant  is  winged,  hence  it  is 
plain  to  be  seen  that  wet  weather  will  considerably  interfere  with  their  proper  func- 
tional office.  The  female  ants  are  furnished  at  their  excl  usiou  with  two  pairs  of  wings, 
which  after  swarming  in  couconrse  with  the  males  they  almost  immediately  cast. 
The  office  of  the  perfect  or  winged  female  is  to  provide  a  constant  supply  of  eggs  for 
the  maintaiuance  of  the  population.  Rainy  weather  can  therefore  keep  the  female 
ant  **  cribbed,  cabined,  and  confined  "  to  her  prison  life ;  if  she  is  permitted  to  venture 
forth  it  is  possible  for  her  to  be  lost  in  the  storm.  The  suberabundant  surface-water 
remaining  after  heavy  rains  will  greatly  impede  the  active  operations  of  the  ''neu- 
ters,'' or  working  ants,  whose  office  it  is  to  supply  and  protect  the  colony. 

The  wasp  (genus  Vespa^  order  Hymenoptera)  attacks  the  worm,  aud  will  carry  them 
off  to  feed  their  young,  and  should  they  be  so  unfortunate  as  to  drop  one  on  the 
ground  en  route,  the  ants  will  be  certain  to  pick  it  up. 

There  is  a  small  chinch -bug  constantly  found  on  the  cotton-plant  leaf,  which  un- 
doubtedly feeds  on  the  ova  or  eggs  of  the  butterflies.  They  are  not  numerous,  how- 
ever, and  are  too  small  and  insignificant  to  do  any  great  amount  of  damage  or  inter- 
fere materially  with  the  rapid  increase  of  the  worms. 

9.  The  only  effort  ever  made  in  this  parish  to  destroy  the  butterflies  has  been  by 
fires  at  night.  They  are  easily  attracted  by  the  ''glitter  of  a  garish  flame"  at  night, 
and  great  quantities  can  be  destroy  ed  in  this  manner.  It,  however,  requires  concert 
of  action  on  the  part  of  a  large  number  of  planters,  which  has  never  been  done.  As 
to  attracting  them  by  sugar,  d&c,  it  is  generally  believed  that  the  butterfly  does  not 
take  nourishment  during  its  short  life,  or,  if  it  does,  the  quantity  is  too  small  for  them 
to  be  successfully  poisoned. 

10.  They  will  be  attracted  only  by  the  lights. 

11.  I  do  not  know  of  any  flowers  that  will  attract  them.  They  are  not  seen  on  any 
other  plant  than  the  cotton. 

12.  Nothing. 

13.  Nothing. 

14.  First,  as  to  the  plant :  If  the  mixture  is  put  on  too  YiVgYA^  <^iiQ«QXt«Aft»^  \\>  ^V^ 
kill  leaves,  hlooaiB,  and  hoiis.    Second,  as  to  man:  Wbeu  an^  v^xViVoii. oi\2t!kib  ^^xX^^N^ 
mbnded  and  the  mixture  allowed  to  get  on  thiapattloiilKt  p\awQe,\\i\&v\^X>  V^  Q,««UBftV^K:^ 
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inflammation  and  inflammation  of  the  neighboring  lymphatic  glands:  no  ca«e,  how* 
ever,  to  my  knowledge,  has  ev^er  been  known  to  result  seriously.  Third,  a^  to  animals : 
I  know  nothing  of  any  serious  accident  to  them.     . 

15.  The  best  method  yet  tried  is  the  application  of  the  Paris  green  snspended  in 
water,  1  pound  to  40  gallons.  The  Paris  green  being  the  arsenite  of  copper,  it  is  not 
soluble  in  water,  and  when  the  two  are  mixed  the  Paris  green  is  only  suspended ; 
hence  it  is  necessary  to  keep  the  mixture  constantly  agitated,  otherwise  some  portions 
will  be  stronger  than  others,  and  will  in  that  case  be  apt  to  injure  the  plant. 

The  mode  of  applying  it  differs  according  to  the  means  of  the  planter  using th<^  poi- 
son. Many  iiersons  make  brooms  of  the  Mayweed  {Anthimis  cotula),  which  are  bandy 
and  very  convenient ;  others  use  the  common  garden  watering-pot  with  the  perforated 
nozzle,  which  is  expeditions,  efficacious,  and  at  the  same  time  inexpensive.  Tho  best 
mode  yet  found  is  with  the  fountain-pump;  with  this  the  work  can  be  accomplished 
with  neatness  and  dispatch  without  wetting  the  clothes  of  the  one  applying  it.  The 
poison  must  be  applied  just  after  the  worms  are  hatched  and  begin  to  crawl,  other- 
wise it  will  be  too  late.  It  requires  careful  looking  to  find  the  worms  at  this  stage  of 
their  existence.  Four  or  Ave  days  after  the  butterfly  emerges  from  the  chrysalides 
she  begins  to  lay  her  eggs,  on  the  under  side  of  the  leaf,  and  after  about  the  same;  time 
the  eggs  begin  to  hatch;  then  look  carefnlly  under  the  leaf  in  the  locality  where  you 
expected  to  find  them,  and  almost  to  a  certainty  they  are  there.  In  order  to  better 
find  them  every  planter  should  provide  himself  with  a  small  magnifying  glass,  which 
will  cost  him  onlv  about  twenty-five  cents.  This  summer  I  had  in  my  office  one  leaf 
from  the  cotton  plant,  and  on  it  there  were  ten  worms  and  in  it  at  least  one  thousand 
holes,  vet  on  handing  it  to  several  persons  they  failed  to  see  either  caterpillars  or  holes 
until  they  were  pointed  out  to  them. 

By  request  I  received  the  following  letter  from  one  of  our  largest  planters: 

Natchitoches,  La.,  Sfptember^,  1H79. 

Dear  Sir  :  In  18761  experimented  with  arsenic  to  destroy  caterpillars,  w^ith  the  fol- 
lowing result:  I  took  one  pound  of  16  ounces  of  commercial  arsenic,  which 'cost 
about  25  cents  per  pound,  dissolved  it  by  boiling  in  8  gallons  of  water ;  after  it  was 
dissolved  replaced  (he  quantity  of  water  lost  by  evaporation;  with  this  8  gallons  I 
went  te  work.  Ist.  Put  2  gallons  of  the  solution  in  a  pork-barrel  of  water,  say  33  gal- 
lons, sprinkled  two  rows  of  cotton  ;  result  of  this  application  was  death  to  both  cotton 
and  worms.  2d.  I  then  use<l  l^  gallons  to  the  burrel  of  water;  same  result  to  the 
worms,  cotton  badly  scalded.  3d.  1  then  took  one  gallon  of  the  solution  and  put  it  in  a 
barrel  of  water ;  this  time  my  solution  seemed  to  be  a  little  too  strong,  but  did  no  per- 
ceptible injury  to  the  plant ;  the  leaves  retained  their  color  except  iu  places.  A  fourth 
application  of  three-quarters  of  a  gallon  of  the  solution  to  a  barrel  of  water  wa|  tried 
and  found  of  sufficient  strength  to  kill  the  worms  and  not  damage  the  plant.  The«e 
experiments  were  made  at  the  same  time  Paris  green  was  applied  to  tho  balance  of 
the  cotton  on  the  plantation,  none,  how  ever.,  beiqg  used  when  the  arsenic  wa.«  ap- 
plied. The  rows  in  which  the  last  two  appl&atious  were  made  (t.  e.,  1  gallon  andf 
gallon  to  the  barrel  of  water)  the  cotton  lived  and  bloomed  about  three  weeks,  at 
which  time  the  worms  destroyed  all  of  the  cotton  on  the  plantation. 
Respectfully, 

H.  B.  WALMSLEY. 

Dr.  George  E.  ^Gillespie. 

The  Paris  green  has  been  sold  in  this  market  for  $1  per  pound,  but  it  can  now  be 
bought  for  from  25  to  35  cents  per  pound.  It  is  calculated  that  three-quarters  of  a 
pound  will  poison  an  acre;  however,  if  the  application  is  made  just  before  a  r«in,  it 
will  be  necessary  to  repeat  it.  Most  planters  tnink  that  |l  per  acre  will  cover  all  the 
necessary  expenses. 
Respectfully, 

GEO.  £.  GILLESPIE,  M.  D. 
C.  V.  RiLET,  Chief  U.  S,  E.  C, 


Jacksok,  Miss.,  September — ,  1879. 

In  answer  to  some  of  the  questions  of  your  circular  No.  7 : 

4.  Warm,  wet,  and  cloudy  weather  favors  the  appearance  and  reproduction  of  the 
Cotton  Caterpillar. 

5.  Never  have  known  them  to  appear  in  tho  spring  when  June  and  July  have  been 
wet ;  the  Ist  August  is  about  the  earliest  period  in  this  locality. 

6.  In  cotton  of  the  largest  growth  without  regard  to  the  sitnation. 

7.  Observation  has  led  me  to  believe  that  the  worm  in  none  of  its  forms  lives  through 
anr  winters  iu  this  locaVity ,  ati(\.  cA^ci  lotm  wv  ovlnion  in  direct  variance  with  science 
06  taught  in  the  scboola.    l\iav«  a\,\iwsa^\^  NjQ  ^i:\^»\»  >^<sv\ 'vw:.T^«jse  when  only  a  few 
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had  made  their  appearance  by  destroying  by  band,  but  witbont  snccess ;  for  suddenly, 
witbout  the  possibility  of  snob  an  increase  by  reprodaction,  tbey  would  appear  in  suoh 
numbers  as  to  destroy  every  leaf  in  two  or  three  days.  Again,  in  another  instance, 
when  no  worms  were  in  this  neighborhood,  four  days  aft^  a  diligent  and  carefal 
search,  when  no  sign  of  them  comd  be  found,  they  suddenly  appeared,  and  in  three 
days  not  a  cotton  leaf  could  be  found  in  my  field  except  about  one  acre  near  the  mid- 
dle of  it,  which  was  planted  much  later  than  the  rest,  not  a  leaf  of  which  they  touched, 
although  some  of  the  branches  interlocked  ;  but  some  weeks  afterwards,  when  this 
patch  of  cotton  had  arrived  at  the  same  stage  of  growth,  it  was  also  stripped  of  its 
leaves  as  the  other.  In  all  my  observation,  the  worm  when  it  has  exhausted  the  sup- 
ply of  cotton  leaf  will  eat  nothing  else,  but  crawls  up  on  the  weeds,  bushes,  and  feaces, 
and  dies. 

8.  From  this  experience,  connected  with  the  facts  of  their  irregular  ai)pearauce,  and 
that  only  under  the  same  conditions  of  wet,  warm,  and  cloudy  weather,  which  is  always 
unfavorable  for  a  healthy  growth  of  the  cotton  plant,  and  that  the  worm  never  ap- 
pears in  the  spring  or  early  summeit  at  least  not  in  such  numbers  as  to  be  noticed; 
its  power  of  quick  reproduction ;  its  total  absence  from  the  cotton  plant  at  that  time 
when  it  could  not  escape  detection ;  and  the  temperature  of  May  and  June  always 
high  enough  for  the  development  of  the  worm  through  all  its  forms,  leads  me  to  believe 
that  the  Cotton  Caterpillar  is  the  spontaneous  production  of  diseased  cotton  plants. 

9.  AH  efforts  to  destroy  and  stop  the  progress  of  the  worm  when  the  condition  for 
its  appearance  and  increase  is  favorable  has  proved  futile  so  far  as  my  experience 
extends  in  the  cultivation  of  cotton  for  thirty  years. 

Yours,  very  respectfully, 

H.  O.  DIXON. 
Prof.  C.  V.  Riley. 


Larissa,  Cherokee  County,  Texas, 

October  13,  1879. 

In  answer  to  your  4th  inquiry,  viz :  '*Do  wet  or  dry  summers  favor  its  multiplica- 
tion f"  I  would  answer  that  about  ten  years  ago  the  Rev.  N.  A.  Davis,  now  of  Jack- 
sonville, in  this  county,  suggested  to  me  the  probability  that  the  small  red  or  brown 
ant,  abundant  in  the  South,  was  the  natural  enemy  of  the  Cotton  Worm,  and  especially 
effective  during  dry  summers.  After  two  summers'  observation,  I  was  convinced  of 
the  truth  of  the  reverend  gentleman's  conclusions.  His  opinion  and  two  years'  obser- 
vation induced  me  to  write  the  following  to  one  of  our  county  papers : 

THE  COTTON  WORM  (1871). 

**  The  danger  from  the  Cotton  Worm  is  now  over  and  we  may  review  the'history  of 
its  depredations  during  the  summer.  Only  a  few  fanners  have  suffered  save  in  the 
anxiety  which  tbey  have  felt  during  the  maturation  of  their  crops.  If  you  recollect, 
the  worm  was  worse  during  the  few  weeks  following  the  rainy  season ;  and  as  the  dry 
season  since  advanced,  the  worm  gradually  receded  and  the  hopes  of  the  farmer 
revived.  The  first  generation  of  these  troublesome  insects  appeared  to  have  taken 
place  in  the  wettest  lands  early  in  the  spring,  and  it  was  about  the  second  generation 
that  menaced  the  crops.  Wet  weather  favors  the  increase  of  the  worm  and  dry 
weather  soon  destroys  it.  This  observation  has  been  made  by  many  farmers  long  ago. 
A  similar  observation  has  long  since  been  made  in  regard  to  the  Cotton  Louse.  £arly 
in  the  spring  (when  the  cotton  is  in  its  first  and  second  leaf),  if  the  weather  is  rainy, 
the  louse  soon  covers  the  tender  cotton  plant  aud  threatens  to  destroy  it.  But  when 
the  dry  season  supervenes  the  little  insect  disappears,  and  the  plant  soon  recovers 
from  the  mischief.  To  what  shall  we  attribute  the  disappearance  of  the  insect  in  both 
cases?  It  is  evidently  due  to  that  little  predat4>ry  and  almost  omnipotent  ant  which 
retreats  to  its  hole  and  gathers  in  large  bunches  in  dry  places  during  the  rainy  sea- 
sons ^  but  whenever  the  drought  sets  in,  it  climbs  the  stals  of  every  plant  in  search  of 
prey.  It  is  oarnivoroua  and  oeals  death  and  destruction  among  inseotii  in  the  crawl- 
ing stage  of  existence  wherever  it  goes.  When  the  Cotton  Louse  multiplies  danger* 
onsly  on  the  tender  plant,  favored  by  a  rainy  season,  the  farmer  loses  all  hope  of  hit 
crop,  unless  the  dry  weather  comes  and  the  iittlu  ant  begins  to  milk  the  cows  (the  liot 
are  called 'ant  cows')  by  climbing  up  to  them  and  strfking  them  with  their  bands, 
and  eating  a  fluid  which  is  made  to  exude  from  them  by  the  concussion.  This  proceei 
aoou  destroys  them.  Then,  at  a  laterseason,  especially  if  the  ant  is  driven  to  its  shel- 
ter by  rains,  the  Cotton  Worm,  having  increased  to  a  dani^erous  extent,  threatens  th« 
more  mature  plant.  Again  the  same  ant,  when  the  sunshine  permits,  saves  the  cotton 
by  climbing  the  stems  aud  seizing  the  flouncing  worm,  cuts  it  into  two  on  the  groundj 
to  which  both  have  falleu  in  the  struggle,  and  thus  in  a  very  short  time  it  thinned  out 
the  worm,  either  destroying  or  holding  it  in  abeyance. 

*<  The  history  of  these  two  enemies  of  cotton-growers  accords  with  the  experience  of 
observers.    The  dry  weather,  jper  w,  does  not  save  the  cotton  from  louse  or  worm  in 
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the  former  or  latter  season  only  as  it  permits  the  predatory  ants  to  destroy  them;  nor 
does  the  wet  weather  favor  the  production  of  the  insect  only  as  it  drives  the  ants  to 
their  holes.  Were  it  not  for  the  ant  the  cotton  plant  would  nerer  make  the  first  limh, 
or^  escaping  this,  could  not  mature  a  single  holl  on  acconnt  of  its  second  enemy,  the 
worms. 

''Then  let  us  cnrse  the  little  hiting  ant  no  more  when  we  happen  to  get  a  shoe 
fnll,  but  remember  that  we  are  indebted  to  this  diminntive  creature  for  every  thread 
of  cotton  that  has  gone  into  the  commerce  of  the  world." 

Thus  you  see  that  about  ten  yeai-sago  the  Rev.  N.  A.  Davis  informs  me  of  his  dis- 
covery of  the  destruction  of  the  Cotton  Worm  by  the  ant;  to  which  I  have  Added  the 
additional  fact  of  the  destruction  of  the  Cotton  Louse  earlier  in  the  season  by  the  same 
ant.  The  dbscryation  of  each  succeeding  year  since  that  time  has  confirmed  me  in 
the  opinion,  and  our  last  summer,  the  driest  I  ever  saw,  yielded  no  specimens  of  the 
worm  or  louse  within  my  observation.  Please  obtain  the  technical  name  of  inclosed 
ant. 

Yours,  respectfully, 

F.  L.  YOAKUM. 

Prof.  C.  V.  Riley. 


Perry  County,  Alabama,  Sepiemhfr  17,  1879. 

I  beg  leave  to  offer  the  following,  in  answer  to  your  questions  in  regard  to  the  hab- 
its of  the  Cotton  Worm,  and  the  best  modes  of  destroying  the  same : 

1.  I  can  remember  seeing  cotton  grown  as  far  back  as  ld20  in  Antanga  County,  Ala- 
bama.    Since  1822  I  have  been  cultivating  the  plant  in  Perry  County,  on  sandy  land. 

2.  In  1837,  about  the  middle  of  September,  was  the  earliest  I  ever  saw  them.  No 
damage  of  any  consequence  afterwards  until  18G6. 

3.  In  my  opinion,  the  worms  are  worse  after  a  severe  winter.  I  suppose  it  is  be- 
cause they  come  out  oftener  during  mild  winters  and  are  consumed  by  the  birds. 

4.  Hot,  dry  weather  seems  to  be  the  life  of  them. 

5.  The  20th  June  is  the  earliest  I  have  noticed  them,  bnt  doing  no  serious  damage 
until  20th  July. 

6.  They  invariably  make  their  appearance  first  in  the  low,  black  lands  of  West 
Perry  County. 

7.  They  hide  themselves  in  old  bams  and  rotten  trees  during  the  winter,  coming  out 
in  the  afternoon  of  warm  days. 

8.  The  appearance  of  the  worm  does  not  seem  to  attract  any  kinds  of  birds  to  onr 
fields,  bnt  all  domestic  fowls  devour  them  ravenously,  as  do  also  hogs  and  ants. 

9.  There  has  been  no  method  adopted  for  destroying  the  moth  snccessfullv. 

10.  They  are  attracted  in  larger  numbers  by  decayed  ftuit  of  almost  any  kind  than 
by  anything  I  know  of  (during  night). 

13.  Paris  green  seems, to  be  the  most  reliable  mode  of  destroying  them,  though  some 
of  my  neighbors  have  used  London  purple  with  good  effect. 

14.  It  is  dangerous  to  men,  animals,  and  cotton  when  used  with  indiscretion. 

15.  I  have  used  kerosene  oil,  one  part  to  thirty  parts  water,  effectually,  and  spirits 
of  turpentine  will  do  about  as  well.  I  believe  pine  sawdust  sown  lightly  with  the  seed 
would  be  a  preventive. 

Yours,  &c., 

O.  H.  PERRY. 
Prof.  C.  V.  Riley. 


Walterborough,  Colleton  County,  South  Carolina, 

September  28,  1879. 

I  mail  you  this  day  my  report,  as  requested  by  you  in  circular  No.  7.    This  report  is 
not  as  full  as  one  I  made  last  year  to  the  Department,  but  what  I  have  said  is  founded 
on  experience  and  close  observation  of  the  Cotton  Worm  for  years. 
Trusting  thik  it  may  be  of  some»use  in  your  department, 
I  am,  very  respectfully,  yours,  &c., 

JAMES  W.  GRACE. 
C.  V.  Riley,  Chief  U,  S.  E.  C. 

1.  Cannot  state  from  any  reliable  authority,  but  cotton  was  grown  soon  after  the 
settlement  of  the  county,  for  domestic  purposes. 

2.  As  early  as  1793  the  worm  swept  over  the  State,  but  it  is  first  recorded  in  this 
district  in  1800  as  prevailing  generally. 

3.  The  worm  is  most  to  bu  dreaded  after  a  mild,  warm  winter.    He  will  make  his 
sppearance  sooner  in  the  following  season. 

4.  Wet  summers  by  all  means  favorite  multiplication. 
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5.  Firat  of  Jane. 

6.  Id  wet,  low  spots  where  the  plant  grows  Inxuriant,  the  plant  being  saccnlent, 
soft,  and  pnlpy. 

7.  1  believe  that  it  is  a  peonliar  parasite  of  the  cotton  plant,  and  as  snch  that  the 
cryptic  germ  of  the  insect  is  to  be  fonnd  with  the  genu  of  the  plant  itself,  and,  like  all 
parasites,  only  requires  favorable  circnmstances  to  develop  it ;  a  soft,  pulpy,  and  Inx- 
uriant  state  of  the  plant,  with  cool  and  cloudy  weather  at  the  time  of  its  natural  ad- 
vent— that  is  to  say,  from  early  in  June  to  middle  of  July — will  cause  it  to  develop 
vigorously  and  bud  rapidly,  so  as  to  produce  seasons;  whereas  dry  June  and  hot 
weather,  causing  a  hard,  dry  state  of  the  leaves  and  mature  condition  of  plants,  fur- 
nishing but  little  and  poor  food,  will  result  in  a  poor  »nd  feeble  brood,  too  inactive 
to  do  harm.  This  theory  is  borne  out  by  the  following  facts :  The  Cotton  Worm  is 
fonnd  everywhere  on  the  globe  where  cotton  is  planted,  and  only  found  on  the  cotton 
plant.  The  worm  will  starve  if  the  cotton  plant  fails,  though  other  vegetation 
abounds.  When  the  plant  is  pushed  on  so  as  to  grow  and  mature  rapidly,  the  leaves 
being  hard  and  dry  in  June,  as  was  usual  before  the  war,  we  hear  nothing  of  the 
worm ;  but  when  cultivation  is  bad,  the  plant  backward,  and  when  June,  the  time  of 
its  natural  development,  comes,  the  worm  finds  the  cotton  (as  since  the  war)  green, 
sappy,  and  soft ;  then  does  it  rejoice  in  wholesome  food,  increase  rapidly,  multiply,  and 
make  itself  a  scourge. 

I  do  not  believe  that  the  worm  is  migratory  and  returns  to  ns  from  a  warmer  climate 
every  year,  for  it  can  be  found  every  year  in  small  numbers  if  sought.  I  cannot  admit 
this  view,  as  I  have  seen  it  300  miles  from  the  coast  at  an  elevation  of  1,500  feet,  in 
the  northwestern  corner  of  this  State,  in  the  month  of  June,  and  observed  it  there  till 
the  fields  in  Angust  were  totally  destroyed.  How  could  I  believe  that  it  got  there  by 
migration  or  was  carried  by  currents  of  air  f  Nor  can  I  believe  that  it  hibernates 
around,  as  under  old  fences,  on  the  south  side  of  stumps,  <SScc. ;  as,  first,  our  winters 
are  too  severe  to  render  such  a  supposition  plausible ;  and,  again,  since  the  late  war, 
no  fences  exist  to  give  snch  shelter  on  the  islands  of  our  coast,  where  the  worm  most 
prevails,  and  the  universal  fires  that  pass  every  fall  over  woodland  and  clearings 
would  efl:*ectually  destroy  any  moths  or  chrysalids. 

Therefore  it  is  clear  to  my  mind  that  it  is  a  peculiar  para«ite  of  the  cotton  plant, 
and  the  cryptic  germ  of  the  inject  is  to  be  found  with  the  germ  of  the  plant  it-self. 

Last  year  I  made  a  very  full  report  of  this  matter,  and  am  sorry  to  learn  that  it  was 
made  no  use  of,  and  probably  consigned  to  the  paper-mill  without  being  read. 

8.  Almost  all  birds,  such  as  the  mocking-bird  and  others,  seem  to  be  fond  of  the 
worm. 

9.  Paris  green  is  the  only  thing  that  I  have  seen  used,  except  fire-stands  about  the 
field.  The  latter  is  useless.  Paris  green  is  good,  and  the  only  thing  I  know  of  that 
will  destroy  them. 

10.  I  should  say  near  fire-stands. 

11.  1  don't  know  of  any. 

12.  Nothing. 

13.  There  has  nothing  been  found  better  than  the  Paris  green  to  destroy  the  worm. 

14.  I  have  not.     With  care  there  is  no  danger  to  man  or  beast. 

15.  Good  caltivation.    Push  the  plant  early  in  the  season. 

16.  The  cost  of  keeping  a  good  man  and  paying  and  feeding  good  hoe-hand,  and 
this  is  the  best  means,  and  the  cost  is  not  very  much. 


Jamestown,  Alachua  County,  Florida, 

September  16,  1679. 

In  answer  to  your  circular  questions,  the  following  is  respectfully  submitted : 

3.  The  worm  is  most  dreaded  after  mild  winters. 

4.  Much  rain  in  June  and  July  seems  to  favor  their  development;  but  the  character 
of  the  rains  in  those  months  in  this  section  are  short  but  frequent  showers,  with 
bright  sunshine  between  showers.  The  writer  has  come  to  the  conclusion  from  some 
observation  that  continued  cloudy  days  are  unfavorable  to  the  development  of  the 
worm,  and  these  reasons  are  given  :  Continued  cloudy  days  are  unfavorable  to  the 
hatching  of  the  eggs;  the  sunshine  seems  to  be  needed  with  its  greater  heat.  In 
cloudy  weather  the  flies  or  moths  will  be  on  the  wing  throughout  all  hours  of  the  day, 
thereby  giving  the  birds  and  niosquito-hawks  better  opportunities  to  catch  them,  in 
•uch  weather  the  worms  stay  on  the  top  side  of  the  leaves  throughout  the  day,  and 
consequently  are  more  readily  seen  and  caught  by  their  enemies ;  while  in  hot,  fair 
weather  the  moth  is  concealed  during  the  day,  and  docs  itj  work  in  the  twilight  and 
at  night,  when  the  birds  and  other  enemies  are  at  rest  The  worms,  too,  of  the  first 
crops  seem  to  work  or  eat  only  in  early  and  late  parts  of  the  day,  and  probably  at 
night ;  generally  from  8  or  9  o'clock  a.  m.  till  4  or  5  o'clock  p.  m.  they  will  be  found 
quiet  on  the  under  side  of  the  leaves.     It  is  the  belief  of  the  writer  that  continued 
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rains,  with  cloady  days,  are  unfavorable  to  the  increase  of  the  worm;  cloudy  days, 
even  without  rain,  are  unfavorable. 

5.  Have  never  seen  the  worm  earlier  than  June. 

6.  Generally  is  seen  first  in  moist,  rich  spots,  where  the  cotton  grows  rapidly. 

7.'  Have  seen  the  moths  at  various  times  during  the  winter  as  "  oandle-flies.''  Sup- 
pose that  those  worms  that  come  to  maturity  when  winter  is  approaching,  by  instinct 
seek  some  place  protected  from  cold,  and,  if  not  disturbed,  mignt  remain  in  chrysalis 
till  the  proper  amount  of  heat  would  develop  them  into  the  moths.  Those  that  are 
badly  or  slightly  protected  from  cold  may  either  be  frozen  by  cold  weather  or  wanned 
into  life  by  a  few  warm  days,  while  those  that  are  properly  protected,  which  probably 
are  but  few,  will  pass  through  the  winter,  and  be  revived  only  by  the  hot  son  of  Mav 
or  June. 

8.  Almost  all  domestic  fowls  will  eat  the  worm.  Geese  will  eat  them  to  some  extent, 
while  chickens,  turkeys,  and  guinea-fowls  will  grow  fSftt  on  them.  Almost  all  wild  birds 
will  eat  them,  and  a  laree  wasp,  both  black  and  red  varieties,  seems  to  be  fond  of  the 
worm.  In  this  section  uiere  are  great  numbers  of  a  lace- winged  fly,  commonly  called 
mosquito-hawks.  These  are  of  various  sizes  and  colors,  and  are  very  expert  in  catch- 
ing the  moth  on  the  wlug.  I  believe  this  mosquito-hawk  is  very  influential  in  pre- 
venting the  progress  of  the  worm. 

While  on  this  question  I  would  like  to  state  that  it  is  my  opinion  that  much  good 
could  be  accomplished,  and  probably  many  fields  might  be  saved,  if  birds  that  are 
insectivorous  could  be  domiciled  in  the  field.  From  what  I  have  heard  of  the  Ene- 
lish  sparrow  it  occurs  to  me  that  this  would  be  the  bird  for  the  purpose.  If  bira- 
houses  are  located  in  various  parts  of  the  field,  the  birds  would  naturally  hunt  for 
insects  near  their  homes,  and  the  consequence,  I  think,  would  be  that  in  all  cotton 
fields  well  supplied  with  these  birds  the  caterpillar  would  be  kept  down.  If  the 
English  sparrow  can  be  domiciled,  that  is,  will  stick  to  its  house  and  feed  around,  it 
could  be  ma&Q  of  great  benefit  to  the  cotton  region.  The  suggestion  is  offered  for 
your  consideration. 

Very  respectfnllv, 

F.  M.  McMEEKIN. 

C.  V.  Riley,  Chief  V.  S.  E.  C. 


San  Antoxio,  Tkx.,  September  11,  1879. 

I  shall  not  answer  your  questions  as  I  fiud  them  in  the  Herald  of  this  city,  for  I  pre- 
eume  there  will  be  plenty  of  answers  for  you.  My  object  is  to  state  a  fact  bearing  on 
the  Cotton  Worm.  I  planted  cotton  in  the  State'of  Nueva  Leon,  Mexico,  five  leaffuee 
below  the  city  of  Monterey,  in  1867.  Cotton  had  never  been  planted  at  the  place, 
nor  nearer  than  200  miles  to  it,  in  this  world's  history.  I  brought  the  seed  from  San 
Antonio,  Tex.,  the  ordinary  Petit  Gulf  seed.  The  genuiue  Cotton  Caterpillar  ap- 
peared in  the  last  days  of  May,  and  by  the  end  of  June  ate  up  the  crop.  In  the  city 
of  Monterey,  at  the  same  time,  I  planted  in  my  garden  (a  large  one)  two  i>atcbesof 
cotton — one  the  Texan  seed,  the  other  the  black  seed  of  the  Sea  Island  genus,  that  id 
generally  planted  in  Mexico.  The  distance  between  the  two  patches  was,  say,  200 
yards.  I  received  a  note  from  my  partner  at  the  hacienda  below  Monterey,  abont 
10  o'clock  in  the  morning,  telling  me  that  he  had  discovered  the  worm  in  the  cotton 
field.     I  at  the  moment  passed  into^my  garden  and /ottad  the  worm  in  both  patdtes. 

Now,  the  question  is,  where  did  they  come  from  ?  The  egg  or  germ  could  not  have 
been  in  the  seed,  as  the  butterfly  cannot  reach  the  seed  to  lay  her  eggs,  and  the  gin 
would  have  destroyed  them.  I  assert  that  they  could  not  bave  been  blown  there,  or 
have  remained  deposited  in  the  earth  from  the  creation  thereof;  yet  they  came.  The 
weather  was  showery,  hot,  sultry,  and  between  showers  a  hot  sun.  I  have  planted  cot- 
ton all  my  life ;  have  noticed  the  worm,  and  have  always  found  them  to  come  after  such 
weatber  as  I  describe.  When  you  walk  between  the  rows  after  a  shower,  and  a  sort 
of  hot  steam  vapor  comes  up,  then  look  out  for  the  butterfly.  I  also  planted  cotton 
in  the  laguna,  or  Bio  Nazas  country,  in  the  State  of  Duraugo,  Mexico,  in  liiTS-^i- 
^5-'76,  where  we  plant  the  black  seed  but  once  in  five  or  seven  years;  as  a' general 
thing  the  same  Cotton  Worm  to  which  I  liave  been  accustomed  in  Texas  came  ever? 
year;  but,  as  there  is  but  little  rain  there,  they  seldom  come  before  September,  and 
too  late  to  do  much  harm.  Scientists  say  there  is  no  original  creation  possible  now; 
that  all  things  of  this  world  had  their  beginning  when  it  was  made;  but  I  believe 
that  the  atmosphere  created  the  germ  right  there.  When  I  w^as  a  boy  there  were  nc 
Cotton  Worms ;  now  they  never  fail.  These  are  points  to  which  you  are  devoting 
your  time,  and  so  fraught  are  they  with  the  interests  of  our  people  that  all  will  wish 
to  aid  yon  as  they  can  ;  and  1  write  this  to  state  a  fact,  but  which  I  know  will  addt^i 
your  difficulty. 

Respectfnllv, 

H.  P.  BEE. 

Prof.  C.  Y.  RiLKY.  Cl.ief  T.  S.  E.  C. 


ANSWERS   TO   CIBCULAB   NO.   7.  [89] 

San  Aktokio,  Tsx.,  September  29,  ld79. 

You  do  not  agree  with  my  theory,  but  it  will  bother  yoa  to  find  oat  where  the  Cot- 
ton Worm  oame  from,  under  the  circumstanoes,  as  stated  in  my  previons  letter. 

There  is  no  cotton  growini:  ^^  in  the  part  of  Mexico  where  I  resided,  as  there  are 
heavy  frosts  there  every  winter ;  in  the  tropical  region  of  the  State  of  Vera  Cruz,  and 
to  the  south  large  crops  of  cotton  are  raised,  but  I  never  saw  a  wild  cotton  plant. 

The  consul  at  Vera  Cruz  could,  I  have  no  doubt,  give  you  an  intereetiuff  account 
of  the  cotton  plant  in  his  section.  I  know  that  in  the  neighborhood  of  Paeo  del 
Macho f  on  the  Vera  Cruz  Railroad,  the  cotton  is  bent  down  so  as  to  stand  the  storms, 
and  consequently  the  plant  grows  horizontally  instead  of  perpendicular,  and  presents 
a  carious  appearance  when  ready  to  pick. 

Some  years  ago  there  were  large  fields  of  cotton  in  the  State  of  Coahnila,  in  tha 
district  of  Monclova,  but  although  admirably  adapted  to  the  production,  the  Cotton 
Worm  from  successive  visitations  entirely  broke  up  the  business,  and  now  no  cotton 
is  planted  in  that  State. 

I  planted  cotton  for  four  years  on  the  Rio  Nazas,  or  laguna  country,  in  the  State  of 
Durante.  This  is  thej^20  of  America.  The  Nazas  rises  periodically  ^always  once  a 
year,  sometibmee  oftener),  and  overflows  a  vast  extent  of  country;  a  bold,  clear  mount- 
ain stream,  200  miles  long,  finally  emerges  from  the  mountains  into  an  immense  plain. 
The  banks  become  lower  as  the  river  Ascends,  until  by  manv  months  it  winds  its 
way  into  the  lake  or  laguna,  a  body  of  water  90  miles  long  and  35  wide,  with  no  out- 
let— a  great  body  of  fresh  water  on  an  elevation  of,  say,  3,000  feet,  in  the  midst  of  a 
great  ary  desert.  The  water  of  the  lake  is  not  utilized,  as  the  soil  on  its  banks  is 
poor,  no  alluvial  deposit  or  growth  denoting  original  formation,  but  rather  that  the 
lake  had  been  produced  there  by  some  convulsion  of  nature,  as,  if  it  were  the  original 
deposit  of  the  waters  of  this  great  river,  there  would  be  swamps  and  sluices  and  timber 
denoting  that  fact,  as  the  months  of  the  Red  River  and  other  streams  in  Texas  and 
Louisiana.  The  haciendas  of  the  laguna  begin  where  the  River  Nazas  emerges  from 
the  mountains,  and  is  utilized  by  dams  and  canals  and  ditches,  by  which  the  over- 
flow is  restrained  and  the  land  irrigated.  This  irrigation  is  seldom  used  more  than 
once  a  year,  as  the  extraordinary  character  of  the  alluvium  deposit  of  centuries  re- 
tains moisture  sufficient  to  produce  crops  for  two  years  if  necessary.  (It  seldom  rains, 
and  rain  is  not  depended  on  at  all  for  crops.) 

Cotton  is  planted  once  in  seven  years;  is  planted  with  a  hoe.  A  hole  is  dug  fix>m 
12  to  18  inches  deep,  to  the  moisture,  the  seed  deposited,  and  that  is  the  start,  which 
is  expensive,  but  there  is  no  other  way,  as  the  moisture  is  too  low  down  to  be  reached 
by  a  plow.  The  cultivation  is  as  with  us :  Frosts  kill  the  plants,  the  stalks  are 
cleared  oS  and  burned,  and  in  the  early  spring,  with  the  budding  of  the  peach  tree, 
the  cotton  sprouts,  and  gives  you  a  start  of  three  or  four  weeks  over  seed  Just  planted. 
The  '^Planta'^  gives  the  best  yield  the  third  year;  gives  less,  but  a  g(K>d  crop,  the 
fourth  and  fifth ;  and  then  produces  as  in  the  first  and  second  years.  The  seed  planted 
is  the  black  seed,  like  the  Sea  Island  and  Egyptian:  staple  long  and  fine.  The  f^reen 
se^d,  or  American  cotton  seed,  yields  the  first  year  better  than  the  black  seed  will  on 
the  third  year,  but  as  that  seed  will  not  rattoon  or  grow  again  from  the  roots,  and  the 
expanse  of  planting  is  so  great,  it  is  not  generally  used.  Cotton  produces  a  bale  to 
the  acre;  com  and  wheat  most  extraordinary  crops  in  these  rich  aUuvials. 

Cotton  is  plante't  at  Santa  Rosalie,  in  the  State  of  Chihuahua,  but  not  to  a  great 
extent ;  the  climate  is  almost  too  cold.  This  gives  you  all  the  information  I  have  about 
^the  cotton  region.  With  the  exception  of  the  Nazas  and  the  Santa  Rosalie,  no  cotton 
is  growfi  in  Mexico,  except  in  the  tropical  regions  of  the  Atlantic  and  Pacific  coasts, 
as  the  rest  of  Mexico  is  generally  table-land,  with  an  altitude  of  from  3,000  to  7,000 
feet,  and  a  temperature  too  low  for  delicate  vegetation. 

There  is  a  mountain  in  the  center  of  this  vast  alluvial  plain  of  the  laguna.  In 
caves  in  this  mountain  are  to-day  the  bodies  of  an  extinct  race  of  Indians,  of  whose 
existence  in  this  plain  there  is  no  history  extant.  The  bodies  or  mummies  I  have 
seen ;  they  are  wrapped  in  a  species  of  cloth  or  matting  made  from  the  maguez, 
painted,  and  all  in  good  preservation:  the  skin  has  dried,  the  hair  is  perfect;  all  in 
wonderful  preservation.  No  iron,  gold,  silver,  or  other  metal  has  been  found  in  the 
eave.  Pottery  ware,  of  the  same  shape  as  the  pictures  we  see  of  the  old  Egyptians, 
arrow-heads,  and  spear-heads  of  flint.  It  really  is  remarkable,  and  induces  the  beUei 
that  some  sudden  overflow  of  the  river  submerged  the  plain  and  drowned  all  the  peo- 
ple ;  they  were  evidently  used  to  high  water,  as  they  buried  their  dead  in  the  cavec 
of  the  high  mountains.  There  are  thousands  of  mummies  in  these  caves.  Excuse 
this  long  Tetter. 

Yours,  respectfully, 

H.  P.  BEE. 

Prof.  C.  V.  RiLRY,  Chief  U.  8.  E.  C 
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EiKKWOOD,  M1S8.,  JSepUmber  5,  1879. 

1.  The  cnltivatiou  of  cotton,  I  am  informed,  was  coeval  with  ihe  settlement  of  the 
country.     I  settled  here  in  1845  and  fonnd  cotton  cultivated  all  over  the  conntj. 

2.  The  Boll  Worm  has  heen  an  annual  visitor  since  the  first  cotton  was  planted, 
destroying  more  or  less,  according  to  the  character  of  the  season.  Though  I  bad 
heard  of  the  visitation  of  Aletia  previously,  I  first  observed  it  in  1858,  though  it  did 
but  little  damage  to  crops  that  year. 

3.  It  is  more  dreaded  after  a  mild  winter,  but  its  visitations  do  not  seem  to  be 
influenced  more- by  one  tban  the  other ;  that  is,  they  are  as  often  seen  after  one  as  tbe 
other. 

4.  Cannot  say  that  a  wet  season  favors  its  multiplication.  They  are  never  developed 
during  hard  raius  or  continued  wet  spells.  Their  propagation  seems  to  depend  tipoa 
showery  weather  creating  atmospheric  dampness,  and  a  high  me^in  temperature.  Dry 
weather  is  unfavorable  to  their  production  or  increase. 

5.  The  last  week  in  July  is  the  earliest  period.  Have  often  found,  what  is  here 
called  the  grass  worm,  as  early  as  May,  eating  both  grass  and  cotton. 

6.  Its  first  appearance,  in  my  observation,  is  along  hill-sides  where  moisture  is 
retained,  and  hollow  spots  on  upland,  just  where  in  plowing  after  a  season  the  plow 
encounters  the  wettest  soil ;  snch  spots  as  generally  produce  the  most  luxuriant  cotton. 

7.  About  the  middle  of  last  November,  and  after  several  severe  frosts,  I  found  many 
chrysalides,  of  ihe  last  brood,  on  bare  cotton  stalks,  living  and  lively.  I  placed  these 
with  others,  previously  brought  in,  iu  glass  Jars  and  boxes  with  earth  and  rubbish, 
exposed  to  outer  air.  Between  the  15th  and  20th  of  January,  after  a  severe  freeze  of 
several  days'  continuance  in  December  and  January,  a  number  of  living  moths  came 
forth,  in  a  warm  spell  then  prevailing,  but  soon  died."^  On  the  6th  of  February  the  whole 
lot  of  chrysalides  were  then  examined,  when  many  were  found  to  be  dead  and  dried 
up,  others  again  look  plump,  which  were  inadvertently  thrown  away,  and  from  the 
cases  of  others  several  varieties  of  living  ichneumon  fiies  were  taken  alive.  One  of 
them  filling  the  care,  and  of  normal  size,  was  sent  to  Professor  Riley  and  pronounced 
by  him  to  be  "  Pimpla  conquisitorf^'  a  parasite  of  Aletia.  My  impression  now  is  that 
had  they  been  left  undisturbed  the  living  moths  would  have  issued  forth  this  spring 
from  a  ^ew. 

I  do  not  think  the  moth  can  survive  the  winter,  as  in  its  natural  state  and  in  con- 
finement it  is  so  short-lived  in  the  summer,  and  my  conclusion  is  that  though  it  may 
be  retarded  in  its  transformations  in  our  climate  by  cool  weather,  it  was  not  designed 
by  nature  to  hibernate  in  any  of  its  phases,  but  is  the  creature  of  a  semi-tropical  cli- 
mate, where  it  is  perennial  and  completes  the  cycle  of  its  exi8t>enoe  uninterruptedly. 
It  has  followed  cotton,  it>s  favorite  food,  into  our  temperate  climate,  has  become  in- 
digenous, but  has  been  subjected  to  abnormal  changes,  and  onl^  appears  in  large 
numbers  during  those  periods  when  our  climate  assumes  for  a  time  a  semi-tropical 
aspect. 

Many  of  the  moths  leave  their  cases  late  in  the  fall,  and  many  eggs  as  well  as  chrys- 
alides are  caught  by  the  frost  upon  the  cotton  stalks  and  must  necessarily  fall  to  the 
ground  with  the  detritus  of  the  plant,  and  where  there  is  much  vegetable  matter,  as 
is  the  case  in  our  fresh  lands,  and  from  the  decomposition  going  on,  would  be  well 
protected  against  frost.  What  goes  with  the  moth,  unless  it  dies,  is  a  mystery,  as  1 
have  rummaged  everywhere  without  success,  and  in  spite  of  rewards  cffered  can  Lear 
of  none  from  one  season  to  the  next.    The  general  opinion  is  that  they  die  out. 

As  the  egg  of  the  JphiSy  a  much  more  insignificant  insect,  but  one  greatly  affecring 
cotton,  is  known  to  survive  the  winter,  by  analogy  I'do  not  see  why  the  egg  of  Afttia 
may  not  likewise  survive.  The  one,  AphU^  is  deposited  on  the  stalk,  and  the  other, 
Alefia,  on  the  leaf;  both  go  to  the  ground.  Aphia  appears  almost  coet-aneonsly  with* 
cotton  under  its  appropriate  law,  and  why  may  not  Aletia  appear  later  from  its  ovum 
under  its  appropriate  law  f 

8.  Starling  and  a  species  of  gregarious  blackbird ;  ichneumon  flies,  and  also  a  small, 
velvety-looking  caterpillar,  black,  with  two  lateral  yellow  stripes. 

9.  Poisoned  sweets  near  lights  for  the  destruction  of  the  moths  were  tried  here  many 
years  ago,  and  with  some  success.  It  was  soon  abandoned  on  account  of  the  time  and 
tronble,  as  well  ae  expense,  and  has  never  been  repeate<l.  A  moth-lamp  attracted 
attention  a  few  years  since  about  Canton,  but  that,  too,  has  flickered  out. 

10.  Light  would  prove  far  more  attractive  than  the  sweet. 

11.  I  know  of  no  flower  which  attracts  them. 

12.  Nothing. 

15.  As  we  usually,  in  fact  invariably,  see  the  worm  before  we  see  or  hear  of  the 
moth,  the  aim  would  be  to  destroy  the  second  brood,  and  this  could  lie  best  done  by 
patting  out  lights  and  sweetened  poisons  to  attract  the  moths. 

I  will  here  reiterate  what  has  been  submitted  in  previous  correspondence,  that  the 
propagation  of  the  worms  iu  destrnctive  numbers  is  the  result  of  imprudent  tillage, 
and  that  by  plowing  wet  land  we  hasten  their  production  by  an  artificial  process 
which  good  husbanciry  would  teach  uh  to  avoid.     He  who  will  run  his  plows  only 
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when  his  lands  ai-e  in  good  tilth  and  the  work  will  prove  adTantaeeoas  to  the  plant 
oolttvated,  will  never  bave  his  cotton  injured  by  the  invasion  of  tne  Cotton  worm. 
I  deem  it  unnecessary  to  go  into  detail,  as  my  theory  and  plans  have  been  elaborated 
in  previous  correspondence. 

1  have  the  honor  to  be,  yours,  reeT)ectfully, 

E.  H.  ANDERSON. 
Prof.  C.  V.  Riley,  Chief  V.  S.  E.  C, 

[Dr.  Anderson's  theory,  referred  to  in  the  above  report,  and  as  set  forth  in  an  exten- 
sive correspondence,  may  be  thus  stated :  In  1858,  in  the  month  of  Jnly,  on  visiting 
Idt  cotton  held  early  in  the  morning,  he  found  his  overseer  running  a  number  of  plows 
on  a  hill-side  a^oining  bottom  land,  where  the  soil  was  wet.  "m  ordered  the  plows 
to  be  stopped,  believing  that  the  work  would  fire  the  cotton  and  canse  it  to  shed,  and 
perhApe  injore  the  laud  by  baking  the  wet  sod  in  the  hot  sun.  In  ten  days  the  worm 
was  discovered  in  the  cotton,  and  in  twenty  days  there  was  not  a  leaf  or  young  boll 
to  be  found  upon  it,  and  what  especially  surprised  him  was  that  the  worms  did  not 
touch  adjoining  cotton  or  cross  the  plowed  furrows.  Since  that  time  he  has  often 
witnessed  a  similar  occurrence,  and  others  have  had  a  like  experience,  so  that  he 
gradually  came  to  consider  that  there  was  canse  and  e£feot.  He  made  experiments 
which  seemed  to  confirm  that  belief,  and  finally  reached  the  conclusion  that  either 
the  mothf  unobserved,  had  deposited  her  eggs  upon  the  stalks,  or  the  eg^  of  the  pre- 
vious season  bad  fallen  to  the  ground  with  the  leaf  of  the  plant  and,  being  protected 
by  the  detritus,  had  survived  tne  winter.    To  use  bis  own  language : 

'*  Under  ordinary  circumstances,  from  the  albuminous  nature  of  the  egg,  it  would 
be  afliscted  by  heat  and  moisture  naturally ;  that  is,  by  solar  action  on  rain  and  dew, 
creating  vapor,  which  quickens  it  into  life,  by  inducing  fermentation  and  putrefaction, 
without  which  no  egg  could  be  hatched  and  no  germ  vivified.  Under  the  infiuence 
of  cold  these  chemical  forces  would  be  dormant,  and  the  embryo  or  germ  would  re- 
main quiescent.  The  necessary  atmospheric  conditions  do  not  recur  annually  for  the 
speedy  propagation  of  the  Anom\9,  and  hence  we  do  not  have  them  in  destructive 
Dumbers  except  in  propitious  seasons.  *  *  ^  It  is  a  fact,  patent  to  all  practical 
fanners,  that,  if  their  land  is  plowed  while  wet  or  too  wet  for  good  tilth,  the  corn  or 
the  cotton,  as  the  case  may  be,  is  iignred  thereby — fired,  as  it  is  termed ;  t  he  com 
turning  yellow  and  being  arrested  in  its  growth,  while  the  cotton  sheds  its  leaves  and 
droops.  Why  is  this  f  I  should  say  because  the  clod  is  exposed  to  rapid  solar  evapo- 
ration, and  the  hot  steam  damages  the  plants,  through  its  respiratory  organs,  and  im- 
pedes the  normal  functions  of  aU  of  its  organs  by  disturbing  the  healthy  equilibrium 
of  the  air.  That  an  abnormal  degree  of  heat  is  produced  by  this  process  is  proved  by 
the  application  of  the  thermometer,  as  I  know  by  experiment ;  and  every  farmer  knows 
that  the  hottest  and  most  oppressive  work  is  plowing  wet  land  under  a  hot  sun."  It 
cannot  need  proof  to  show  that  when  by  plowing  vou  disturb  the  capillarity  of  the 
earth  while  damp,  abnormal  heat  is  produced  by  the  more  rapid  evaporation  of  the 
upheaved  soil.  This  is  as  certainly  true  as  that  a  shower,  by  r€6toring  or  re-establish- 
inff  capillarity,  will  cool  down  the  earth. 

'*  Now,  my  theory  is  that  the  damp  artificial  heat  produced  by  the  process  of  plowing 
wet  land  is  the  most  favorable  of  all  conditions  for  hatching  speedily  the  eggs  of  tbs 
insects,  and  especially  when  yon  add  to  this  the  extrication  of  ammoniacal  gases,  whicli 
under  such  circumstances  must  be  more  abundantly  evolved.  This  I  hold  to  be  the 
solution  of  the  mysterjr  of  speedy  generation  in  the  wetter  portion  of  cotton  fields.'' 

The  plan  of  prevention  Dr.  Anderson  proposes  on  this  theory  is,  never  to  run  the 
plow  in  May  or  June  south  of  his  latitude,  or  in  Jnly  or  Augnst  farther  north,  when 
the  land  is  wet  And  not  in  good  condition  for  plowing.  If  there  are  frequent  rains, 
he  believes  it  matters  little  when  or  how  the  plowing  is  done ;  '*  for  so  long  as  the  rain 
continues  the  necessary  physical  conditions  cannot  be  produced — shower  succeeding 
shower  in  rapid  succession  keeps  the  temperature  of  bot  h  air  and  earth  cooled  down 
and  is  inimical  to  the  worm.  When,  however,  showers  at  longer  intervals  occur,  and 
the  temperature  is  high,  and  the  plowing  produces  rapid  evaporation,  and  the  plow- 
man, reeking  with  sweat,  pants  for  a  breath  of  pure,  dry,  fresh  air,  then  the  Anom\»^ 
nurtured  into  life  by  its  genial  surroundings,  commences  its.  revels,  and  in  a  short  while 
the  luxuriant  cotton  is  converted  into  bare  and  blackened  stalks.'' 

'*  Ton  must  make  cotton  as  you  make  hav ;  that  is,  while  the  sun  shines.  The  dili- 
gent farmer  who  keeps  even  with  his  work  can  always  afford,  without  d«  triment  to 
Els  crop,  to  let  his  plows  rest  until  he  can  do  good  work,  but  if  plow  you  must,  to  kill 
grass,  and  the  rain  won't  stop,  throw  your  furrows  into  the  middle  ii  your  rows  and 
not  to  your  cotton,  as  by  this  process  the  danger  of  developing  the  worm  is  less,  and 
no  injury  is  done  to  your  plant. 

Dr.  Anderson,  nevertheless,  admits  that  '*afew  of  the  insects  are  annually  hatched 
by  a  natural  proceps;  enough  to  perpetuate  the  species."  A  similar  theory*  to  this 
one  of  Dr.  Anderson's  is  held  by  a  number  of  planters,  founded,  of  course,  on  the  ob. 
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served  influence  of  soil  and  weather  on  the  development  of  the  worm ;  bnt  in  so  far 
as  any  snch  theory  implies  the  hibernation  of  the  egg,  or  the  spontaneous  generation 
of  the  insect,  or  in  so  far  as  it  departs  firom  the  reasoning  on  pages  81-83  of  this  Re- 
port, we  believe  it  to  be  fallacious.] 


[The  following  condensed  summary  of  the  habits  of  the  worm  is  from  that  excel- 
lent observer.  Dr.  D.  L.  Phares,  of  Woodvllle,  Miss. :] 

The  caterpillar  generally  makes  its  first  appearance  at  or  about  the  same  spot  in  s 
field  jrear  alter  year,  partially  or  whoUy  denuding  a  few  square  rod^  or  an  aere  or  two. 
That  is  the  first  appearance  gmterally  noticed  by  planters.  Close  observen  find  a  few 
earlier,  and  only  a  few  leaves  nibbled  on  only  a  stalk  or  two  of  cotton.  In  due  time 
the  moths  from  this  first,  or  rather  second,  brood  deposit  their  eggs  in  all  parts  of  the 
field  when  the  foliage  is  in  right  condition  for  feeding  the  young.  In  a  few  days  more 
sJl  parts  of  the  field  are  stripped  simultaneously,  that  is,  so  far  as  eaten  at  9IL.  This 
when  the  destruction  is  early.  When  broods  are  smaller,  the  svcceesive  generations 
appear  for  three,  five,  and  even  seven  months. 

'*  They  are  not  Army  Worms.  They  usually  hatch  and  pass  through  all  tranaforma- 
tious  on  the  same  plant  on  which  the  egg  is  deposited.  If  accidentally  thrown  off« 
they  return  to  the  plant  when  practicable.  Sometimes  violent  storms  of  wind  and 
rain  sweep  nearly  all  off  and  wash  them  up  in  vast  heaps  against  fences,  &^,  where 
they  putrefy.  Drv,  hot  sunshine  seems  to  destrov  them  in  alTstages ;  and  sometiinee, 
under  snch  conditions,  they  abandon  the  partially  denuded  plants  and  move  in  im- 
mense masses  from  the  field ;  not  so  often,  it  seems  to  me,  for  other  food,  as  to  escape 
the  intense  heat.  Under  snch  conditions  one  rarely  ever  ascends  another  cotton  plant. 
Their  march  is  to  death.  If  a  road  be  in  the  way  and  dusty,  and  still  worse  sandy  or 
gravelly,  few  succeed  in  passing  the  barrier.  The  exposed  hot  ground  kills  tmn, 
and  sometimes  we  have  seen  them  in  the  road-side  ditches  several  inches  deep,  in- 
fecting the  air  with  putrefactive  stench. 

*^  Another  point :  If  the  moth  deposits  no  eggs  in  any  part  of  a  field,  no  caterpillan 
will  attack  tnat  part.  She  knows  evidently  where  tHe  youn|f  can  suDsist  and  where 
not,  and  she  deposits  her  eg{^  accordingly.  If  the  plant  is  m  condition  to  feed  the 
mothj  I  suppose  it  is  in  condition  to  hatch  and  feed  the  young.  Little  or  no  differ- 
ence IS  perceptible  bj$r  the  common  planter  in  the  condition  of  the  plant  on  two  sidss 
of  a  line  that  may  divide  an  injured  and  uninjured  field.  A  little  distance  from  the 
line  the  diiference  is  not  perceptible.  The  plant  is  not  so  tender.  Its  chemical  and 
mechanical  condition  both  unfit  it  for  the  food  of  the  caterpillar ;  therefore  the  moth 
deposits  no  eggs  on  it,  nor  will  the  caterpillars  if  placed  on  it  eat  it.  This  is  specially 
and  annually  noticed  on  rolling  or  undulating  lands,  and  sometimes  on  lands  to  the 
eye  apparently  level.  This  is  my  fortieth  crop  on  the  lands  where  I  reside,  and  in  no 
year  has  my  whole  crop  been  eaten  off.  The  crops  are  often  destroyed  in  Madieoa 
County  and  other  points  north  as  well  as  south  of  me  before  any  daina^  e  is  done  here 
by  the  caterpillar.     This  depends  on  condition  of  plant/' 
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HOTX 1  (p.  1). — **AiJmA  ABOULLACKA.    Aos  Bahi  A.   Vom  Herm  Bommer  mhgtHMmuL. 

"'    ■     -  - -  aioh,hirt 


Noetma  fmuOma  nnd  Heliophila  Uneata.  Sie  let  der  A,  VUeUma  *  aehr  Ihxilioh,  hal 
ftber  in  nichts  eine  Oleiohheit  mit  ihr  and  aof  den  Sohwingen  einen  weiMen  Ponet. 
Ibro  FfLrbUdong  399,  400,  stellt  ein  mUnnliohes  Muster  vor. 

"  •  Httbn.,  Noc.  379.    ViteUina." 

This  may  be  translated :  **  From  Bahia.  Left  by  Mr.  Sommer.  A  Noctua  genuima  and 
HeUtpkUa  lineata.  It  is  very  similar  to  A.  ViteUina,  but  is  in  nothing  identical  with 
ity  and  haa  a  white  dot  on  the  wings.    Figs.  399  and  400  represent  the  male.'' 

NoTK  2  (p.  1). — Without  entering  into  any  general  disonssion,  which  wonld  be  oat 
of  place  here,  aa  to  whether  Htibnei  s  names  shoald  be  adopted  or  not-*-a  qnestion 
which  has  always  divided  entomologists — bat  following  those  who,  taking  the  more 
eonservatiye  view,  accept  his  species  when  his  descriptions  and  flgnres  leave  no  ques- 
tion as  to  what  is  intended,  the  above  purported  description,  in  connection  with  the 
figures,  would  have  to  be  rejected  even  from  this  standpoint.  In  point  of  fact  they 
leave  every  doubt  as  to  the  species  intended,  and  give  us  no  absolute  certainty.  The 
only  descriptive  part  is  that  referring  to  the  white  dot,  and  tbis  is  conspicuously  and 
well  represented  on  the  figure  referred  to ;  but  it  is  this  very  character  which  makes 
it  morally  certain  that  some  other  species  than  a:y/t«a  Say  was  intended ;  for  while 
typical  specimens  of  zglina  invariably  have  the  three  white  minute  dots  referred  to 
CD  page  9  of  this  work,  the  conspicuous  discal  or  reniform  spot  on  primaries  is  almost 
invariably  oval  and  dark,  with  two  cinereous  pupils,  wbich  are  often  dilated  so  as  to 
represent  a  large  cinereous  spot,  with  a  dark  center  and  a  dark  border.  Of  the  many 
hundreds,  and  we  may  say  thousands,  of  specimens  which  we  have  examined,  not  one 
has  had  the  distinct  white  spot  described  and  Agured  by  HIibner.  The  figures  in 
other  respects  bear  out  this  conclusion  ;  for  while  in  the  different  copies  of  the  Zu- 
trage  the  coloring  will  vary  according  to  the  colorist,  and  according  as  the  colors  have 
changed  with  age — two  facts  which  in  themselves  should  be  sufficient  to  discard  names 
founded  on  mere  figures — yet  in  the  three  copies  which  we  have  examined  the  figures 
represent  a  smaller,  feebler-bodied  species,  lacking  in  the  characteristic  olivaceous 
hues,  and  much  more  roseate  superiorly  and  more  highly  colored  with  yellow  and 
roseate  on  the  under  side.  The  under  surfaces  of  xylina  are  of  tolerably  uniform  pale 
gray,  with  a  faint  ochreous  tinge,  and  in  no  specimen  of  xylina  do  we  find  the  sharp 
black  line  on  the  under  side  of  the  hind  border  of  the  secondaries  characteristic  of 
lifibner's  figure. 

From  these  facts  it  will  be  seen  that  nothing  can  be  absolutely  settled  from 
lifibner's  description  and  fig^ures,  and  so  much  has  this  been  felt  by  previous  authors 
that  they  have  not  been  able  tb  identify  lifibner's  argillacea.  Thus  6uen6e,  who 
had  evidently  better  material  to  Judge  from  than  any  previous,  or  for  that  matter  sub- 
sequent, author  whom  we  can  call  to  mind,  questioned  whether  his  grandipuncta 
{^=xglina)  could  be  referred  to  argillaceUf  for  the  reason  that  this  last  is  more  yellow, 
more  distinctly  marked,  with  the  reniform  concoloroos,  marked  with  a  very  distinct 
white  dot,  and  qnite  distinct  on  the  under  surface.  Even  Mr.  Grote,  notwithstanding 
the  assurance  with  which  he  identifies  argillacea  in  the  paper  before  the  Association  in 
the  fall  of  1874,  expressed  his  uncertainty  in  his  first  published  opinion  on  the  subject 
earlier  in  the  year.  (Bulletin  of  the  Buffalo  Society  of  Natural  Sciences,  vol.  i,  p. 
170,  1874.) 
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The  figures  un  our  Plate  IV,  7a,  were  kindly  copied  for  us  by  Mr.  Edwin  Sheppaid, 
from  the  copy  of  the  Zutrage  in  the  library  of  the  American  Entomological  Society. 
The  coloring  has  been  slightly  lightened  in  the  printing,  but  otherwise  shows  the 
figures  very  well  as  they  appear  in  that  copy.  In  the  copy  in  Dr.  Hagen'a  possession,* 
as  also  in  that  which  we  have  lately  obtained  for  the  Department  of  Agriculture,  the 
•figures  are  somewhat  darker;  but  all  are  uniform  in  those  particulars  which  we  have 
just  pointed  out,  and  in  which  they  differ  from  xyliua.  Hence,  a  careful  and  candid 
study  of  the  subject,  so  far  as  HUbner's  work  permits,  leaves  very  grave  doubt  as  t<o 
the  identity  of  his  argillaceaf  and  though  from  the  fact  that  we* had  accepted  Grote's 
determination  in  the  first  edition  of  this  work  (solely  on  his  authority)  we  have  tried 
to  retain  it  rather  thau  make  a  chaoge  in  this  second  edition;  yet  an  unbiased  weigh- 
ing of  the  facts  presented  by  the  published  data  would  alone  have  forced  ua  to  reject 
argillacea.  We  are  entirely  of  Dr.  Hagen's  mind,  as  expressed  in  a  letter  written  to 
as  April  4,  1883,  after  fall  study  of  the  facts,  and  before  he  was  aware  of  oar  previ- 
ously published  opinion  to  the  same  effect.  He  remarks :  '^  Compared  with  Say's  ec- 
cellent  description,  I  believe  it  out  of  question  not  to  accept  Say's  name,  which  has 
priority." 

Forced  thus  from  the  published  data  to  reject  argillacea  on  the  gronndof  uncer- 
tainty,   we  have  endeavored  to  reach   a  definite  conclusion  from  non-published, 
historical  data,  t.  e.,  by  an  endeavor  to  ascertain  whether  typee  of  Hflbner's  argillaon 
were  still  in  existence.    Dr.  Hagen  kindly  informed  us,  in  a  letter  dated  April  12, 
1883,  that  since  argillacM  was  described  from  the  collection  of  the  late  Mr.  Sommer, 
of  Altona  near  Hamburg,  it  might  perhaps  be  possible  to  find  the  type  specimen  still 
in  that  collection,  as  Mr.  Sommer  had  his  collection  specimens  kept  in  very  good 
order.    The  Sonuner  collection  was  supposed  to  have  been  purchased  by  the  Musenm 
of  the  city  of  Hamburg,  but  upon  inquiry  we  were  informed  by  Mr.  C.  Crttger,  who 
was  formerly  connected  with  the  Museum  Godeffroy  of  Hamburg,  that  the  collection 
had  long  since  been  purchased  by  Dr.  Scaudinger,  of  Blase witz  near  Dresden.    Hav- 
ing thus  traced  the  Sommer  collection,  we  directed  Mr.  A.  Koebele  to  proceed,  with 
specimens,  to  Germany,  and  to  visit  Dresden  aud  inquire  into  the  facts.     With  (tie 
kind  permission  of  Dr.  Staudinger,  Mr.  Koebele  was  able  to  make  an  examination  of 
the  Sommer  collection,  but  the  resulta  gave  us  uo  greater  certainty  ;  for  from  the 
notes  made  it  would  appear  that  very  few  of  the  labels  in  the  Sommer  collection  are 
written  by  Sommer.    The  collection  is,  also,  in  great  disorder,  and  has  been  neglected 
by  Dr.  Staudinger.    Of  the  eight  specimens  of  our  xylina  in  the  collection  one  ia 
marked  fix>m  Panama,  another  from  Porto  Rico ;  one  is  named  '*  Anamia  gramdipuncta 
Guen.,"  another,  unspread  9  specimen  *^  argillacea  Khn,,  and  a  third  **  A,  grandU.*' 
If  there  were  any  way  of  considering  these  labels  authoritative  the  evidence  might 
be  considered  in  favor  of  our  xylina  being  HUbner's  argillacea,  but  from  all  the  facts 
it  is  evident  that  the  labeling  has  been  done  by  other  hands,  and  there  is  other 
evidence  to  weaken  the  value  of  those  labels.    Thus  the  type  of  argillacea  is  distinctly 
stated  by  Htlbner  to  be  male,  so  that  the  female  above  referred  to  oonld  not  be  the 
type,  which  must  also  have  been  spread  to  have  permitted  the  artist  to  fblly  figure 
the  upper  and  under  surfaces  of  all  wings.    Again  in  the  Sommer  collection  there  are 
eight  specimens  of  a  closely  allied  moth — the  Anomis  luridula  Guen^,  of  which  one  is 
labeled  **luridataf"  and  a  second  ^^modeeta"  and  a  third  **exacia."    The  species  it 
quite  unlike  the  exacta  of  Httbner's  figures,  so  that  we  have  here  positive  evidence  of 
the  worthlessness  of  the  labels  as  historical  indications  of  Hfibner's  types. 

NoTK  3  (p.  5). — It  may  seem  strange,  but  nevertheless  there  is  no  pablished  detailed 
description  of  the  earlier  states  of  this  insect  that  is  at  all  full  and  accurate,  or  that 
will  permit  the  entomologist  to  discriminate  between  the  species  and  some  of  ite  closer 
relations.    Say's  original  description  of  the  imago  is  sufficiently  full  and  satisfactory, 


*This  copy,  as  Dr.  Hagen  informs  us,  is  on  '^geschopftes  Papier"  with  what  is 
known  as  old  coloring  in  good  condition. 
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and  there  are  many  general  descriptionii  of  the  egg,  larva,  and  pupa,  several  of  which, 
especially  where  accompanied  with  accurate  figoree,  will  serve  to  identify  the  species 
on  the  part  of  those  who  have  not  previously  become  familiar  with  it.  But  of  the  egg 
and  the  different  larval  stages,  and  even  of  the  pupa,  there  are  no  such  technical  de- 
Bcriptiona  as  will  enable  the  entomologist  to  discriminate  between  these  different  states 
and  those  of  some  of  the  closer  related  species.  This  is  particularly  true  ol  the  earl/ 
larval  stages.  Dr.  C.  W.  Capers  is  usually  referred  to  as  having  given  the  earliest 
fall  descriptions  of  e^g,  larva,  and  pupa,  and  in  order  to  indicate  how  very  general 
those  descriptions  were  and  how  thoroughly  they  are  lacking  in  the  characteristic 
structural  details,  we  reproduce  the  descriptive  portion  of  his  otherwise  excellent  ar- 
'  tide  published  in  1628.  His  description  of  the  egg  would  apply  more  truly  to  that 
of  Chrysapa,  &om  which  it  was  probably  drawn. 

[From  the  Southern  Agriculturist  and  Register  of  Rural  Affairs,  vol.  i,  for  the  year 
1828,  Charleston.  Art.  II. — On  the  Cotton  Caterpillar,  by  Dr.  0.  W.  Capers,  of 
Saint  Helena  Island,  pp.  203-209.    Portion  quoted,  pp.  204-208.] 

**  I  have  not  been  able  to  ascertain  the  exact  period  when  the  cotton  caterpillar  tint 
made  its  appearance  in  this  country ;  but  the  earliest  intelligence  of  them  which  could 
be  gathered firom  the  best  planters,  of  their  destroying  the  cotton,  was  in  the  year 
1800.  The  accounts  given  of  insects  of  a  prior  date  destroying  the  indigo  and  other 
plants,  were  undoubtedly  of  another  species.  In  the  year  1804,  their  nuinbers  were  so 
great,  aa  to  nearly  destroy  the  cotton  crops ;  but  a  storm,  which  arose  on  the  8th  of 
September,  proved  so  destructive  to  them,  that  they  ^ere  not  seen  in  any  great  nute- 
bers,  as  far  as  I  can  learn,  for  many  succeeding  years ;  and,  although  in  the  course  of 
a  few  years  they  were  to  be  found  on  many  plantations.  Vet,  the  injury  done  by  them 
was  not  very  general  or  great  in  amount ; — and  it  was  observed,  that  certain  planta- 
tions, and  even  certain  spots  upon  it,  were  the  first  to  be  visited  by  them.  In  the 
year  1825,  they  commenced  very  early,  and  were  spreading  rapidly,  when  thoy  were 
again  cutoff  by  the  storm  which  took  place  on  the  14  th  of  September.  Iromediatoly  after 
the  storm,  I  went  into  the  cotton  fields,  and  could  see  a  small  numbers  of  the  caternillars 
still  remaining ;  but  in  the  course  of  a  few  days,  they  totally  disappeared,  and  it  was 
confidently  trusted  by  the  planter,  that  the  elements  would  once  more  relieve  him  from 
this  devouring  insect,  and  was,  in  this  manner,  consoled  for  the  loss  suHtained.  But 
this  proved  fallacious,  and  the  following  year  the  crops  were  more  rapidly  and  effect- 
ually destroyed  than  in  any  which  preceded  it.  The  earliest  notice  taken  of  them 
was  on  the  1st  of  August,  at  a  plantation  upon  this  island,  and  soon  afterwards  they 
were  found  in  various  parts  of  it,  and  information  received,  that  thoy  were  in  all  direc- 
tions upon  the  sea-coast  from  North-Carolina  to  New-Orleans. 

**  On  the  23d  of  September,  they  had  consumed  nearly  all  the  cotton  leaves,  all  the 
upper  pods,  and  some  of  the  latter  of  a  size  almost  ready  to  open.  At  this  time  they 
quitted  the  cotton  plants,  and  the  whole  earth  seemed  to  be  a  moving  mass  and  com- 
pletely alive  as  these  insects  crawled  along  on  its  surface.  A  few  of  them  remained 
upon  the  cotton  stalks,  but,  in  consequence  of  their  want  of  food,  they  changed  their 
color  and  became  dull  and  languid,  and  finally  perished.  I  have  never  lieeu  able  to 
account,  satisfactorily,  for  the  sadden  manner  of  these  insects  quitting  tbo  cotton 
plant.  It  was  not  for  the  purpose  of  webbing,  for  most  of  them  were  young;  and 
when  the^  web,  it  is  always  on  the  cotton  stalk,  or  some  neighboring  plant,  unless 
when  it  is  for  the  winter.  Nor  was  it,  in  all  instances,  for  the  want  of  food  ;  for,  in 
most  fields,  there  were  certain  spotfl  wliich  they  had  left  untc^uched.  The  only  rea- 
son which  I  could  assign  wa^,  that  having  cousumed  the  leaves  from  the  cott^in,  they 
were  directly  exposed  to  the  sun's  rays;  which,  from  a  meteorological  Journal  I  at  that 
time  kept,  were  observed  to  be  very  powerfuL  Whatever  the  true  reason  Dji^ht  be, 
such  is  the  fact,  that  they  appeared  to  leave  the  cotton  simnltaneoiiHly,  and  in  the 
course  of  a  few  days,  bat  a  small  nninber  of  the»se  myriads  were  anywhere  to  l>e  seen. 
We  have, every  year  since,  had  them  in  particular  ]>iace8,  but  not  in  such  nriinl>ers  as 
to  do  much  mischief.  TIk^it  early  appearance  in  the  Kuujmer  mouths,  much  de{>ends 
upon  the  temperature  of  the  jireceding  winter;  and  this  uiuKt,  of  cours'i,  iuUueiJce 
their  numbers,  which  will  be  more  fully  explained  when  giving  a  <iescription  of  the 
habits  of  the  insect. 

**  The  Xoctua  Xylina  is  an  inhabitant  of  the  Kea<^ojiKt  of  our  southern  country'.  How 
it  first  came  here,  whether  by  tii{;bt,  as  f*orru'  have  Kiii»)»oMMi,  or  bruiijrht  in  the  chrys- 
alis, a  thing  much  more  likely,  I  ain  unable  to  d<'tf  nniue.  'i'he  cliarigi*»  wliicli  the 
different  insects  undergo  throuprh  the  succewsive  »taj^*rHof  their  brief  eiiwteuce,  are 
familiar  to  most  person s.  Not  1j  i  n  «r  can  be  more  unlike  1 1 1  an  the  worn j  ci  a  \\  J  i  i  j  g  u  j>ou 
the  earth  or  on  tne  plant,  and  letding  u]>oij  ii«  leav«rfe  and  U*nder  pai1e,  aud  Xh*-  muth 
or  butterfly  to  which  it  ban  beencouvertid,  expanding  its  briljiant  wijj;i>  ju  \h\t  air, 
or  passing  from  flower  to  liower.     These  cliauj^ei*  loim  a  com\A»iV^  *:v\v.\vt,  u\u\V\v^'^^^>t» 
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each  time  in  such  wonderful  progression,  as  would  soon  overwhelm  jBvery thing  by  the 
increase  were  there  not  certain  causes  by  which  they  are  destroyed,  and  once  more 
brought  back  within  more  reasonable  limits. 

**  The  moth  will  be  noticed  the  first  in  the  series.  It  is  a  small  insect  of  a  triangular 
form,  about  1  ioch  in  length,  and  is  easily  distinguished  from  all  others  which  bear 
any  resemblance,  by  the  peculiar  dark  spot  upon  its  superior  wings.  It  seldom 
moves  in  the  day-time  unless  disturbed,  but  at  night  its  flight  is  rapid,  and  it  is  often 
attracted  into  houses  where  there  are  lights.  How  many  days  after  leaving  the 
pupa  state,  it  is  before  the  moth  lays  its  eggSf  or  how  many  of  them,  I  am  unable 
to  say. 

**  The  egg  is  of  a  bluish  green,  and  quite  small.  It  is  generally  deposited  upon  the 
under  side  of  the  cotton  leaf,  and  is  about  fourteen  or  fifteen  days  in  hatching.  It  is 
confined  to  the  leaf  by  means  of  a  small  filament,  attached  by  a  glutinous  substance. 

'*  The  caterpillar  or  larvay  when  hatched,  is  so  extremely  minute,  as  to  be  scfux^ely  per- 
ceptible to  the  naked  eye.    In  a  few  days,  however,  it  attains  its  full  size,  whicli  is 
about  1^  to  2  inches  in  length,  and  about  the  thickness  of  a  crow  quill.     The  color  is 
not  always  the  same — some  being  much  darker  than  others.    All,  however,  are  marked 
with  black  spots  upon  the  back,  and  lines  of  the  same  color  running  the  whole  length 
from  head  to  tail.    The  belly  is  of  a  light  greenish  yellow,  and  when  about  to  web,  it 
swells,  loses  the  spots,  and  becomes  of  the  same  colour  as  the  belly.     As  I  before  no- 
ticed, the  sun  appeared  to  have  great  effect  in  changing  the  color,  or  it  waa  produced 
by  the  scantiness  of  the  food,  as  it  was  ouly  those  of  a  light  color  who  were  able  to 
remain  upon  the  stalks  after  the  leaves  were  consumed  in  the  year  1825.     It  is  well 
known,  that  the  caterpillar  avoids  the  sun,  and  it  is  priucipally  in  cloudy  and  damp 
weather,  and  during  the  night  that  they  thrive  best,  and  consume  most  food.    At 
such  times,  when  they  are  in  large  numbers,  they  can  be  heard  at  the  distance  of 
several  yards  whilst  feeding  and  moving  about  on  the  cotton  plant ;  and  so  offensive 
is  the  effluvia  arising  from  them  that  this  is  generally  the  first  indication  of  tbeir 
presence,  and  so  peculiar  is  it,  that  whoever  has  noticed  it  once  will  rarely  mistake 
it  when  he  again  approaches  them.    Their  activity,  also,  is  remarkable.     Upon  being 
touched  they  double  themselves  up,  and  spring  to  some  distance.    In  feeding,  they 
always  commence  with  the  upper  leaves ;  afterwards  they  take  the  larger  leaves,  and 
finally,  the  blossoms  and  young  pods,  and  in  1825  they  were  compelled  to  resort  to 
older  pods  and  the  bark  of  the  stalks.     I  have  never  seen  them  eat  any  food  besides 
the  cotton  plant.    In  the  year  just  mentioned,  when  they  had  completely  denuded 
the  cotton  fields,  excepting  a  few  spots  as  before  noticed,  and  were  compelled  to  qait 
for  the  want  of  sustenance ;  they  took  their  way  through  the  corn-fields,  pea,  and 
potato  patches ;  and  although  they  webbed  in  each,  and  all  of  them,  indiscriminately, 
yet  the  greater  part  perished  on  the  earth  for  want  of  food.    We  may  therefore  con- 
clude, that  these  insects  never  devour  anything  but  the  cotton  plant;  and  that  the 
caterpillar  which  destroys  the  com,  the  potatoes,  x>®as,  and  gras8,  are  totally  differ- 
ent, as  any  one  may  see,  who  takes  the  trouble  of  examining  them.     The  latter  re- 
sembles it  more  closely  than  any  other,  but  it  is  of  a  much  lighter  color,  and  although 
nearly  as  largo  around,  is  not  more  than  half  the  length.    The  rapidity  with  which 
these  insects  increase,  and  the  short  time  it  takes  to  consume  a  lar^/e  field  of  cotton, 
is  truly  astonishing.    They  not  ouly  do  material  injury  to  the  cotton  plant,  by  de- 
stroying the  young  fruit,   but  by  the  destruction  of  the  leaves,  the  plant  itself  is 
injured,  or  a  new  growth  caused,  which  essentially  injure  the  larger  pods,  causing 
some  to  open  prematurely,  and  others,  in  consequence  of  a  want  of  sap,  to  perish 
without  ever  expanding. 

"  Added  to  this,  they  injure  the  ripe  cotton,  by  the  dirt  and  filth  which  they  cause, 
and  by  webbing  in  the  cottou  itself,  as  they  frequently  do,  either  stain  it  by  beiug 
mashed  in  it,  or  when  hatched,  the  shell  of  the  pupa  remains,  and  passes  through  the 
gin  rollers  along  with  the  cotton.  In  about  fifteen  days  they  begin  to  swell,  aod 
rolling  up  a  leaf  by  means  of  filaments  which  they  attach  to  it,  they  completely  en- 
velope themselves,  and  in  this  manner  pass  into  the  pupa.  It  is  not  a  matter  of  aoy 
consequence  what  leaves  they  use,  but  in  general  they  resort  to  the  cotton  leaf,  or 
those  growing  in  it«  neighborhood  ;  and  it  is  not  an  uncommon  thing  to  see  several 
thus  webbed  on  one  leaf,  or  to  see  a  twig  where  every  leaf  has  one  embedded. 

"  The  pupa  is  of  a  dark  chocolate  or  chestnut  color.  When  touched,  if  alive,  it  al- 
ways moves  its  joints.  They  remain  in  this  state  from  fifteen  to  eighteen  days,  when 
the  moth  makes  ite  appearance.  This  is  during  the  summer;  but  when  they  web, 
for  the  laet  time  in  the  fall,  the  larva  retires  t.o  the  woods  or  some  convenient  place, 
where,  uniting  several  dried  leaves,  it  «ittiichesthetn  to  a  limb  by  means  of  a  filament, 
2  or  3  feet  in  length,  and  retiring  iuto  its  cell,  passes  into  the  pupa,  which  remains  in 
this  state  until  the  ensuing  spring.  The  exact  period  of  their  hatching,  varies  accord- 
ing to  the  temperature  of  the  winter  and  spring  months;  and  it  is  undoubtedly  for 
this  reason  that  they  retire  to  the  woods,  which  beiug  of  a  more  equal  temperature, 
does  not  expose  thein  so  much  to  the  cold,  aud  they  are  also  protected  from  the  vio- 
lence of  the  winds. 
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''When 'these  iDBects  first  appeared,  Yarioos  attempts  were  made  to  destroy  them; 
bat  so  rapid  is  their  increase,  that  nothing  done  by  the  hand  of  man,  has  been  able  to 
diminish  their  numbers,  so  as  to  be  in  the  least  perceptible.  Nor  is  it  probable  that 
anything  will  destroy  tnem,  excepting  such  causes  as  have  already  been  related ;  viz. 
powerfal  storms  of  wind  and  rain,  and  their  own  prodigious  numbers  destroying  their 
food  before  the  completion  of  the  summer  season.  The  Palma-Christi  and  Benne  have 
both  been  said  to  keep  them  away  from  the  cotton,  and  I  have  known  them  planted  for 
that  purpose  about  the  cotton  fields,  but  without  producing  any  good  effect ;  and  I 
believe  that  the  planters  are  now  satisfied  that  they  are  useless." 

• 

Descriptions  of  the  earlier  states  of  Aletia  xtlu^a  (Say). 

Eqq. — Diameter  0.6™™,  plant-convex,  circular.  Around  its  center  are  grouped  three 
series  of  elongate  either  pentagonal  or  hexagonal  cells,  the  middle  series  largest,  this 
central  area  or  micropile  subpentagonal ;  radiating  ribs  quite  sharp  and  somewhat 
▼avy,  fix>m  35  to  40  in  number,  and  about  half  of  them  more  or  less  shortened ;  cross 
ribs  12  to  14  in  number.  Color,  at  first  a  delicate  bluish-  or  sea-green,  becoming  a 
more  dingy  yellowish-green  when  near  the  hatching  period.  Empty  shell  white, 
glistening  and  transparent. 

Larva.  Firai  Stage. — Length  when  Just  from  egg  1.4™™;  quite  slender.  Head  im- 
maculate, much  larger  than  Joint  1.  Legs  very  long,  except  first  two  pairs  of  prologs, 
which  are  rudimentary  and  scarcely  perceptible.  Color  almost  white,  with  a  faint 
tinge  of  green.  Head  pale  yellow,  ocelli  black.  Piliferous  warts  blackish  (see  Fig. 
2,  p.  6),  each  giving  rise  to  a  slender  dusky  hair. 

Second  Stage, — Length  Just  after  molt  3.6™™,  similar  to  previous  stage,  except  that 
the  warts  of  the  body  become  more  distinct,  and  that  the  characteristic  black  spots  of 
the  head  appear,  11  each  side,  each  furnished  with  a  stiff  blackish  hair.  The  rudi- 
mentary legs  are  also  somewhat  longer. 

Third  Stage,— Length  6™™.  In  this  stage  the  final  markings,  or  those  of  the  full- 
grown  larva,  begin  to  show,  though  there  is  much  variation  in  color.  The  most 
strongly-marked  individuals  have  a  broad,  deep  black,  mediodorsal  stripe,  bordered 
each  side  by  a  fine,  clear  white  line ;  the  sides  and  venter  are  whitish  or  yellowish- 
white,  the  sides  often  slightly  dusky  and  with  a  faint  indication  of  the  white  sub- 
stigmtftal  line ;  stigmata  very  small  and  dusky.  Head  orange ;  piliferous  spots  with 
A  white  or  yellowish  annulus. 

Fourth  Stage, — Length  9™™.  Colors  bright  and  lines  more  distinctly  contrasting. 
In  the  dark  specimens,  a  narrow  black  line  borders  the  white  subdorsal,  the  sides  are 
more  dusky,  and  the  pale  supra-stigmatal  line  more  distinct. 

Fifth  Stage, — Length  about  16™™.    Coloration  similar  to  that  of  the  previous  stage. 

Sixth  or  Uut  larval  Stage, — Length  when  full  grown  38  to  40™™.  Slender,  tapering 
somewhat  toward  both  ends.  Head  small,  round,  free.  Legs  of  normal  number,  but 
the  first  pair  of  prologs  atrophied.  Head  more  or  less  orange  or  ochre-yellow,  marked 
with  30  regularly  arranged  black  spots ;  antennsB  3-Jointed,  the  first  Joint  large,  coni- 
cal, fleshy;  second  Joint  shortest,  often  not  visible,  being  withdrawn  into  the  first; 
third  joint  slender,  about  as  long  as  the  first,  slightly  thickest  toward  apex;  its  tip 
obliquely  truncated,  bearing  a  small  subjoint,  a  short  slender,  fleshy  tubercle,  and  a 
long  bristle  and  a  shorter  hair  at  its  outer  extremity.  Ocelli  6,  clear,  colorless: 
mandibles  strong,  pale  yellowish  or  greenish ;  tip  blackish,  with  rather  dull  teeth. 
Color  of  body  variable.  Black  stripes  and  markings  of  the  dark  specimens  are  deep 
velvety  black.  Normal  color  green,  with  longiladinal  lines  of  a  white  or  yellowish 
color,  as  follows :  A  fine  medio-dorsal,  a  rather  broader  sub-dorsal,  and  coincident  with 
this  last  and  about  the  same  width,  a  supra-stigmatal,  and,  finally,  asub-stigmatal,  the 
distance  between  the  last  two  being  about  twice  that  between  the  previous  two.  In 
the  pale  specimens  the  medio-dorsal  white  line  is  almost  always  relieved  by  two  black 
lines,  or  rather  by  a  black  border  on  either  side,  but  the  whole  dorsum  is  more  or  leaa 
dusky,  and  in  the  darkest  specimens  it  may  be,  including  the  cervical  shield,  quite  black, 
as  also  interspaces  between  the  lateral  lines.    The  supra-stigmatal  line  in  the  darken^ 
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specimens  broadens  at  the  sntares,  producing  thereby  a  row  of  more  or  less  distinct 
yellowish,  slightly  swollen  spots  in  the  region  of  the  stigmatA.  All  warts  snrroanded 
by  a  white  annulns,  those  on  dorsam  sometimes  obsolete.  Stigmata  brownish  with 
white  annulns.  Anal  plate  yellowish  with  a  transverse  row  of  fonr  larger  black  spota, 
and  four  smaller  ones  at  posterior  margin.    All  legs  yellowish. 

Pupa. — ^Average  length,  18°*".  General  color  dark  brown ;  posterior,  flexile  portion 
of  abdominal  Joints  4-6  dark  yellow  ;  head,  thorax  and  wing-sheaths  very  finely  and 
closely  granulate ;  abdomen  also  finely  granulate,  the  granulations  concave  in  the 
center ;  flexile  borders  very  finely  punctate.  Head  i:ather  small,  well  set  off  from  the 
thorax.  Wing-cases  broad,  reaching  to  posterior  margin  of  the  fourth  abdominal 
joint.  Cremaster  dark  brown  or  blackish,  ample,  parallel,  rounded  at  tip,  slightly 
bent  ventrally  where  there  is  at  base  an  anal  concavity ;  rugose,  with  strong  cariiu 
dorsally,  extending  to  base  of  terminal  joint ;  booklets  yellowish-brown,  eight  in 
number,  two  dorsal  and  two  lateral  short,  and  four  terminal  which  are  longer,  the 
middle  pair  longest. 

Note  4  (p.  6). — In  alcoholic  specimens  the  first  pair  often  appear  as  mere  tubercles 
without  clasping  hooks,  but  these  really  exist,  though  withdrawn  from  sight  The 
legs  are  perfect,  therefore,  and  simply  atrophied.  In  this  respect  the  larva  ofAk^ 
xylina  (Say)  differs  from  that  of  Anamis  texana  Riley,  which  occurs  in  South  Texatt 
for  in  this  last  species  the  claspers  are  wanting  and  the  legs  really  obsolete  and  re- 
placed by  mere  tubercles.  Otherwise  the  resemblance  between  the  two  larvae  is  snch 
as  to  cause  them  to  be  easily  confounded. 

Note  5  (p.  7). — 'The  larva  of  Plusia  dyaus  Grote  is  not  uncommon  in  spring  and 
early  summer  on  cotton.    Being  a  semi-looper  and  bearing  in  color  and  mode  of 
pupation  a  general  resemblance  to  the  Aletia  larva,  it  is  often  mistaken  therefbr  by 
planters.    It  is  invariably  pale  green,  without  dark  shades,  and  may  have  helped  to 
the  popular  belief  in  the  first  worms  being  green.    But  while  we  have  invariably  found 
dark  individuals  among  the  earliest  and  throughout  the  summer  generations,  we  were 
struck  during  a  trip  made  October,  1879,  through  Mississippi,  Alabama,  and  Georgia, 
by  their  great  preponderance,  the  intensity  of  the  black  (often  obliterating  the  white 
annuli  and  subdorsal  stripes),  and  the  early  stage  of  growth  (often  after  the  fiist 
molt  and  very  generally  after  the  second)  in  which  it  appeared.    In  the  spring  and 
early  summer  the  black  is  more  often  confined  to  the  fifth  and  sixth  stages. 

Note  6  (p.  7). — ^The  young  larva  of  Spilosoma  acrea  makes  somewhat  similar  hut 
larger  blotches. 

Note  7  (p.  8). — Mr.  Schwarz  succeeded  in  feeding  one  from  the  hatching  period 
till  it  transformed  to  chrysalis  on  a  species  of  Morning-glory  {IpomcBa  commutata  Roem. 
&,  Sch.),  but  the  chrysalis  wa«  imperfect,  and  finally  perished.  We  find  that  quite 
a  number  of  persons  believe  that  the  worm  feeds  on  Abutilon  and  Pokeweed  (Phyto- 
lacca)f  but  the  belief  rests  solely  on  the  fact  that  these  plants  are  often  defoliated 
when  the  Cotton  Worm  is  stripping  the  cotton  fields.  In  the  case  of  Phytolacca  it  is 
an  entirely  diflerent  worm  (the  Geometrid  Philcreme  albosignafa  Packard)  which  doM 
the  work,  and  the  same  is  doubtless  true  of  the  Abutilon.  Mr.  Phillip  Winfree,  of 
Mulberry  Creek,  La.  (De  Bow^s  Ind.  Res.  of  S.  &  S.  W,,  ia52,  p.  173),  remarks  that 
it  feeds  in  the  West  Indies  on  a  plant  called  the  salve  bush,  reseihbling  somewhat 
the  common  Mullein.  There  is  great  liability  to  error,  however,  in  observations  of 
this  kind,  on  account  of  the  great  resemblance  in  the  earlier  larval  stages  of  several 
closely  allied  species.  This  subject  of  possible  food-plants  of  Aletia  xylina  is  more 
fully  considered  in  Note  15  of  this  same  report. 

Note  8  (p.  9). — The  male  genitalia  in  this  species  are  remarkable  for  having  two 
extensile  organs,  usually  retracted  and  showing  as  dense  tufts  of  hair,  but  capable  of 
extension  to  thrice  the  length  of  the  rest  of  the  armature;  also  for  two  attenuated 
double-jointed  spines  whicVv  Uc  vrheu  at  rest  in  a  sheath  on  one  side  of  the  penis, 
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with  the  points  extending  beyond  it,  but  which  in  action  bend  back  at  right  angles 
therefrom.    (See  also  Note  23.) 

Note  9  (p.  10). —  See  the  article,  Nectar :  tohat  it  ia  and  same  of  ita  useSf  by  William 
Trelease,  published  in  the  Rejport  upon  Cotton  Insects,  Department  of  Agriculture^ 
1879,  pp.  319-343.  In  this  article  the  author  discusses  especially  the  extra-dorai 
nectar  glands  of  the  cotton  plant  and  their  relation  to  Aletia.  He  concludes  that  the 
glands  of  the  cotton  plant  seem  to  have  been  produced  to  secure  the  protection  of  the 
leaves  aoid  flowers  of  the  plant  from  leaf  and  petal  eating  insects,  like  ants,  but  at  the 
sajne  time,  isince  the  introduction  of  the  Cotton  Worm,  the  glands  have  become  inju- 
rious to  the  plant  by  attracting  the  moths  at  night,  which  alternately  sip  nectar  and 
oviposit  upon  the  leaves.  The  tendency  now  would  naturally  be  to  remove  the  glands 
by  natural  selection,  but  this  is  opposed  by  the  methodical  selection  of  man,  who  in  his 
desire  to  produce  a  good  staple  and  a  vigorous  growth  pays  no  attention  to  the  power 
for  secreting  nectar,  and  as  this  function  does  not  cause  any  drain  on  the  energy  of 
the  plant,  it  stands  no  chance  of  being  removed. 

NOTB  10  (p.  12). — Referring  to  the  extreme  rapidity  with  which  the  broods  follow 
one  another  in  midsummer,  we  made  use  of  the  following  paragraph  in  our  address 
before  the  Atlanta  Cotton  Convention,  November  4, 1881  (see  Bibliographical  list) : 

**  The  first  worms  appear  much  earlier  than  was  formerly  supposed,  viz.,  from  the 
middle  of  April  till  the  middle  of  May,  in  the  southern  portion  of  the  cotton  belt. 
The  fact  that  these  early  worms  generally  attract  no  attention,  and  that  the  species 
seldom  acquires  disastrous  force  till  the  third  generation,  has  given  rise  to  the  erro- 
neous notion  of  later  first  appearance.  There  are  also  many  more  generations  than 
has  been  supposed,  seven  or  more  being  produced  toward  the  Gulf,  the  last  enduring 
till  frost  outs  it  off.  ^hen  I  tell  you  that  in  addition  to  this  rapid  succession  of 
broods  the  moth  is  one  of  the  most  prolific  with  which  I  am  acquainted,  capable, 
in  fact,  under  favorable  circumstances,  of  laying  six  or  seven  hundred  eggs,  you  will 
no  longer  wonder  at  its  destructive  capacity.  The  progeny  of  a  single  female  may, 
in  less  than  two  months,  under  the  influence  of  midsummer  temperature,  reach 
twenty  billions,  while  you  all  know  that  half  a  dozen  worms  to  a  plant  are  sufficient 
to  jeopardize  the  crop.  Why,  were  it  not  for  the  various  natural  checks  upon  the 
increase  of  the  species  in  geometrical  ratio,  successful  cotton-culture,  with  all  our  im- 
proved methods  for  destroying  the  pest,  would  be  utterly  impossible.  Remove  the 
barriers  and  the  flood  comes.  The  occasional  impotence  of  the  natural  checks,  through 
one  cause  or  another,  very  quickly  gives  the  Cotton  Worm  the  mastery  in  the  struggle 
for  existence,  and  precipitates  it  upon  us  in  multitudes  almost  as  if  by  magic.'' 

Note  11  (p.  12). — This  is  well  illustrated  by  a  fact  communicated  by  Dr.  D.  L. 
Phares,  of  Woodville,  Miss.,  viz.,  that  the  worm  usually  begins  its  work  of  destruc- 
tion in  Madison  County  from  three  to  six  weeks  earlier  than  in  Wilkinson ;  the  former 
on  latitude  33^,  and  the  latter  resting  on  31<^.  At  Madison  station,  in  the  southern 
part  of  Madison  County,  the  thermometer  marked  the  extreme  low  temperature  of —4^ 
F.  during  the  winter  of  1878-79,  while  at  Wood vi lie,  only  about  two  degrees  farther 
south,  the  lowest  temperature  noted  was  14°  F.,  or  a  difference  of  18°. 

Note  12  (p.  12). — In  this  connection  we  quote  the  following  note  on  hibernation 
from  the  A  merican  Natura  list  for  April,  1883.  It  is  a  brief  abstract  of  a  paper  read  by  us 
before  the  American  Association  for  the  Advancement  of  Science  at  the  Montreal 
meeting  in  1882 : 

**Thb  Hibernation  op  Alexia  xylina.  Say,  in  the  United  States  a  settled 
FACT. — I  have  already  shown  in  previous  remarks  before  the  association  that  there 
were  various  theories  held  by  competent  men — both  entomologiHts  and  planters — as 
to  the  hibernation  of  this  Aletia  (the  common  Cotton- Worm  of  the  South) ;  some  be- 
lieving that  it  hibernated  in  the  chrysalis  state,  some  that  it  survived  in  the  moth 
state,  while. still  others  contended  that  it  did  not  hibernate  at  all  in  the  United  States. 
I  have  always  contended  that  the  moth  survived  within  the  limit&Ql  1\\'^  \S\^\fti^ 
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States,  and  in  this  paper  the  fact  of  its  hibernation,  principally  under  the  shelter  of 
rank  wiro-grass,  is  established  from  observations  and  experiments  made  daring  the 
winter  and  spring  of  1881-2.  The  moth  has  been  taken  at  Archer,  Fla.,  daring 
every  winter  month  until  the  early  part  of  March,  when  it  began  to  disappear,  bat 
not  until  eggs  were  found  deposited.  The  first  brood  of  worms  was  found  of  all  sizes 
during  the  latter  part  of  the  same  month  on  rattoon  cotton,  while  chrysalides  and 
fresh  moths  were  obtained  during  the  early  part  of  April. 

^'  The  fact  thus  established  has  this  important  bearing : 

*^  Whereas  upon  the  theosy  of  annual  invasion  from  some  exotic  country  there  was 
no  incentive  to  winter  or  spring  work  looking  to  the  destruction  of  the  moths,  there 
is  now  every  incentive  to  such  action  as  will  destroy  it  either  by  attracting  it  daring 
mild  winter  weather  by  sweets,  or  by  burning  the  grass  under  which  it  shelters.  It 
should  also  be  a  warning  to  cotton-growers  to  abandon  the  slovenly  method  of  col- 
tivation  which  leaves  the  old  cotton^etalks  standing  either  until  the  next  crop  \s 
planted  or  long  after  that  event;  for  many  planters  have  the  hal>ft  of  planting  the 
seed  in  a  furrow  between  the  old  rows  of  stalks.  Tho  most  careful  recent  researches 
all  tend  to  confirm  the  belief  that  Gossypium  is  the  only  plant  upon  which  the  worm 
cau  feed  in  the  South ;  so  that  in  the  light  of  tho  facts  presented  there  is  all  the 
greater  incentive  to  that  mode  of  culture  which  will  prevent  the  growth  of  rattoon 
cotton,  since  it  is  questionable  whether  the  moth  will  survive  long  eiiough  to  perpet- 
uate itself  upon  newly  sown  cotton  except  for  the  intervention  of  the  rattoon  cotton." 

Note  13  (p.  13).^These  observations  have  been  made  more  particularly  upon  the 
Army  Worm  (Leucania  unipuncta)  and  the  Rocky  Mountain  Locust  {Caloptenus  §pretui), 
and  bear,  of  course,  upon  the  successive  hatching  within  the  limits  of  hibernating 
regions  rather  than  upon  the  northward  spread  of  the  insects  outside  of  these  limits. 
(See  Eighth  Missouri  Entomological  Report,  p.  47,  and  First  Report  United  States 
Entomological  Commission,  p.  232.) 

Note  14  (p.  13). — Dr.  Phares  is  the  only  writer  who  has,  so  far  as  we  can  learn,  re- 
corded as  many  as  six  generations  from  July  6,  18(59,  till  frost. — Mural  Carolinia%f  1, 
p.  695. 

NoTB  15  (p.  15). — In  reference  to  this  subject,  we  quote  the  following  on  the  pos- 
sible food-plants,  published  by  us  in  the  Americ4in  Naturalist  for  April,  1882,  pp.  327- 
328:  ''One  of  the  most  interesting  characteristics  of  the  Cotton  Worm  is  that  it  is 
so  strictly  confined  to  cotton  as  its  food-plant.  All  attempts  hitherto  made  to  dis- 
cover additional  food-plants  have  proved  futile,  nor  have  we  been  able  to  ever  make 
it  feed  successfully  on  other  plants  allied  to  GU}ssypium.  *  We  have,  however,  long 
felt  that  there  must  be  some  other  wild  plant  or  plants  upon  which  the  species 
can  exist,  and  this  belief  has  been  all  the  stronger  since  it  was  demonstrated  two 
years  ago  from  observations  made  by  Dr.  P.  R.  Hoy  that  the  larva  may  occur  in 
Witjconsin,  and,  consequently,  out  of  the  range  of  the  cotton  belt.t  We  have  given 
special  directions  to  those  in  any  way  connected  with  the  Cotton  Worm  investigation 
to  search  for  such  additional  food-plants,  but  so  far  no  additional  food-plant  has  been 
discovered.  Last  November  we  received  from  Dr.  J.  C.  Neal,  of  Archer,  Fla.,  specimens 
of  a  plant  with  eggs  and  newly-hatched  larvas  which  he  believed  to  be  those  of  Aletia, 
but  which  belong  to  an  allied  species — the  Anomis  erosa  Guen.  The  plant  proved  to 
be  one  of  the  Malvaceae  ( Urena  lohata  Linn.),  which  is  reported  as  quite  common  in 
that  part  of  Florida  and  further  south,  being  a  tall,  branching,  and  straggling  weed 
with  annual  stems  and  perennial  root,  from  which  new  shoots  arise  in  January.  It 
blooms  from  February  to  December,  and  is  a  valuable  fiber  plant,  the  bark  of  both 
stem  and  root  being  very  strong,  and  used  very  generally  for  whip  and  cording  pur- 
poses. The  leaves  have  three  very  conspicuous  saccharine  glands  on  the  principal 
veins  toward  the  leaf-stem,  and  the  plant.  Dr.  Neal  reports,  is  much  less  sensitive  to 

^ __^ .■■■■■■  I ■■■■       -I  ■!  --       I.  I  I.  ■  ■      ■  -  II       I  »■        I  ■■  ■»»■■  —  1^ 

•  The  only  partial  success  in  this  line  is  that  already  referred  to  in  Note  7. 
tSee  Report  on  Cotton  lnsfcct^,T)«>^\itv.TsvBQ\.^i  k^^-^Vtxire,  1879,  p.  89. 
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eokL  or  firost  than  Gossypium.  We  find  that  the  plant  has  been  received  by  Dr. 
Yasey,  botanist  of  the  Department  of  Agrionlture,  from  several  parties  in  Florida, 
with  inquiries  as  to  the  value  of  the  fiber.  Urena  lohata  was,  until  very  recently,  not 
known  to  occur  in  the  United  States.  It  is  common  on  dry  hill  pastures  almost 
everywhere  in  the  West  Indies  and  southward  to  Guiana  and  Brazil,  and  is  also  re- 
ported from  Western  Africa,  East  Indies,  China,  and  some  of  the  Pacific  islands. 
It  seems  to  thrive  very  well  in  Florida,  and  is  likely  to  spread  to  other  adjacent 
States. 

''The  Amnnis  erosa^  the  eggs  and  young  larvas  of  which  were  not  uncommon  on  the 
leaves  of  the  Urena,  may  be  distinguished  from  Aletia  by  the  paler,  more  translucent 
character  of  both  egg  and  larva,  and  by  the  first  pair  of  prolegs  being  quite  obsolete, 
in  which  character  it  resembles  the  AnomU exaata  [texana'\  that  affects  cotton  in  Texas. 
Aletia  larvss  that  had  been  fed  on  cotton,  when  placed  upon  the  Urena,  refused  to  feed 
upon  it,  and  finally  perished. 

''We  recently  took  occasion  to  carefully  examine  the  Malvaceous  plants  in  the 
herbarium  of  the  Department  of  Agriculture  with  some  quite  interesting  results,  al- 
though a  herbarium  is  naturally  the  least  favorable  place  one  can  choose  for  an  ento- 
mological investigation  of  this  character,  as  plants  that  are  least  injured  by  insects 
are  most  apt  to  be  collected,  and  the  mode  of  preserving  the  plants  still  further 
reduces  the  chances  of  finding  traces  of  Aletia,  because  only  one  side  of  the  leaf  is 
available  for  examination.  How  small  this  chance  is  may  be  illustrated  by  the  fact 
that  on  the  specimens  of  Gossypium  in  the  herbarium  no  Aletia  eggs  or  egg-shells 
could  be  discovered,  and  that  only  one  specimen  showed  any  trace  of  being  injured 
by  any  insect  whatever.  Nevertheless  a  number  of  eggs  or  fragments  of  such — some 
of  them  from  their  structure  very  closely  related  to  Aletia — were  found  on  the  follow- 
ing plants:  MaUa$irum  ttpUMtum^  from  Florida  and  Nicaragua;  Urena  ribesia  (which 
is  considered  a  form  of  XJ,  lobaia),  from  Southern  Florida;  Pavonia  iyphaleoidu^  flrom 
Cuba;  Sida  glomerata^  from  Cuba. 

''One  object  of  this  examination  was  to  discover,  if  possible,  the  particular  Malva- 
ceous plant  upon  which  Aletia  feeds  in  the  States  north  of  the  cotton  belt,  but  this 
proved  to  be  an  almost  complete  failure,  because  the  herbarium  contained  only  si:^ 
specimens  of  such  plants  firom  the  more  northern  States,  not  counting  sixteen  speci- 
mens cultivated  in  the  agricultural  grounds  at  Washington.  However,  on  a  specimen 
of  Sida  tpinoia,  irom  York  County,  Pennsylvania,  an  egg  was  found  which  has  every 
appearance  of  that  of  Aletia. 

"We  would  earnestly  call  upon  entomologists  who  may  read  these  pages  to  aid  us 
in  obtaining  evidence  of  the  food-plant  of  the  insect  in  the  more  northern  States  by 
an  examination  of  the  plants  indicated  by  an  asterisk  in  the  following  list,  as  it  is 
upon  such  that  the  insect  will  probably  be  found  at  some  future  time,  but  only  late 
in  the  season : 

LOCALITIES  FOR  MALVACEOUS  PLANTS  FROM  GRAY'S  FLORA. 

Alihaa  oficinalU  L. — Salt  marshes  coast  of  New  England  and  New  York.     (.Nat.  from 

En.) 
Malta  roiundifolia  L. — Waysides  and  cultivated  grounds,  common.     (Nat.  from  Eu.) 
mflvtBtris  L. — Waysides.    (Adv.  from  Eu.) 

moschaia  L. — Has  escaped  from  gardens  to  waysides.     (Adv.  from  En.) 
dlcea  L. — ^Has  escaped  from  gardens  in  Chester  County,  Pennsylvania.    (Adv. 
from  En.) 
Callirrhoe  triangulata  Gray. — Dry  prairies,  Wisconsin,  Illinois  and  southward. 

alectoides  Gray. — Barren  oak  lands,  Southern  Kentucky  and  TenncHHOo. 
Kapcea  diaica  L. — Limestone  valleys,  Pennsylvania  and  southward  to  the  valloy  of 

Virginia,  west  to  Ohio  and  Illinois,  rare.  ' 
*Mal9a9trum  angustum  Gray. — Rock  Island  in  the  MiHsisnippi,  Illinois. 
•  coccineum  Gray. — Abounds  on  the  plains  from  Iowa  and  Minnesota  west* 

ward. 
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*Sida  napcca  Cav. — Rocky  river  banks,  Pennsylvania,  York  County,  Kanawha  County^ 

Virginia.     (Cultivated  in  old  gardens.)    . 
ellioitii  T.  &  G. — Sandy  soil,  Southern  Virginia  and  southward. 
•         8pino8a  L. — Waste  places,  common  southward. 

Ahuiilon  avicennce  Gtertii. — ^Wasto  place^,  escaped  from  gardens.     (Adv.  from  India.) 
Modiola  muUifida  Moench. — Low  grounds,  Virginia  and  southward. 
Kosieletzkya  virginica  Presl. — Marshes  on  the  coast.  New  York  to  Virginia  and  south- 
ward. 
Hibiscus  moacheutoa  L. — Brackish  marshes  along  the  coast,  sometimes  extending  op 

rivers  far  beyond  the  influenoe  of  salt  wa^er  (as  abore 
Harrisbnrg,  Penna.),  also  Onondaga  Lake,  New  York,  and 
westward,  usually  within  the  influence  of  salt  springs. 
grandiflarua  Michx. — Illinois  and  southward. 

militaris  Cav. — River  banks,  Pennnsylvania  to  Illinois  and  southward. 
trUmum  L. — Escaped  from  gardens  or  grounds.    (Adv.  from  £u.) 
«yrtaciM  L. — Escaped  firom  gardens  or  grounds.    (Adv.  from  £u.) 

NoTB  16  (p.  17). — ^We  append  a  description  of  the  larva  of  Aspila  viresoens: 
Smooth,  soft,  translucent,  with  the  normal  complement  of  16  legs.  Color  either 
green  or  lilaoeoas.  Finely  speokled,  with  pale  yellowish  spots  (appearing  under  th« 
lens  as  fleshy  elehrations),  arranged  in  a  somewhat  longitudinal  manner,  and  fonnlBg 
along  the  stigmatal  region  a  tolerably  well  marked  band ;  the  stigmata,  which  are  in 
the  upper  portion  of  this  band,  being  black,  with  a  cameous  center  and  white  anna- 
lation.  Piliferous  spots  in  normal  position,  very  small,  dark,  with  a  paler  aivnnla- 
tion ,  the  hairs  fine  and  translucent.  The  two  posterior  Joints  somewhat  sqnarely 
cut  off.  Head,  thoracic  legs,  and  cervical  shield  polished  and  slightly  more  yellow 
than  body. 
Fall  grown  in  July ;  imago  issuing  in  August  of  same  year. 

Note  17  (p.  18). — Both  in  1878  and  1879  Mr.  Schwarz  traveled  throughoiittheBoath- 
em  x>ortion  of  the  cotton  belt  and  visited  the  Bahamas,  one  of  his  special  instructioDS 
being  to  learn,  if  possible,  something  definite  as  to  the  winter  quarters  of  the  moth. 
The  gist  of  his  results  is  given  in  a  report  published  in  Appendix  I  in  the  Report  upon 
Cotton  Insects,  Department  of  Agriculture,  1879,  pp.  347'-349,  while  he  also  furnished 
Professor  Comstock  (iMd.,  pp.  349,  350)  with  a  fair  summary  of  the  conclusions  that 
we  had  then  come  to  both  from  his  observations,  our  own,  and  those  of  others  in  the 
investigation  then  being  pursued. 

Note  18  (p.  18). — ^The  Platyhypena  acdbra  (Fabr. )  of  Grote's  List.  Its  larva  is  grass- 
green  in  color,  with  a  medio-dorsal  and  sub-dorsal  lines  of  a  darker  green,  the  latter 
bordered  below  by  a  whitish  line.  It  is  cylindrical  and  with  but  three  pairs  of 
abdominal  prologs.  It  feeds  on  clover,  and  also  on  Hohinia.  The  chrysalis  is  formed 
in  some  sheltered  situation  and  surrounded  with  white  silken  threads;  is  dark  and 
slender  like  that  of  Aletia,  but  the  tip  is  armed  with  two  strong,  slightly  diverging 
spines.  In  Missouri  this  chrysalis  may  be  found  under  bark  during  winter,  and  it 
doubtless  hibernates  in  both  chrysalis  and  imago  state  in  the  South.     (See  chapter  XV. ) 

Note  19  (p.  19). — Our  notes  show  that  larvce  of  this  species  (Phoheria  atamaria  IlUb.) 
were  found  at  S.'iint  Louis,  Mo.,  May  13,  1873,  on  oak  and  under  chips.  Most  of 
these  had  entered  the  ground  by  the  20th  and  had  transformed  to  piipse  June  18. 
Larv®  of  the  same  species  were  also  found  at  Fortress  Monroe,  Va.,  July  19,  18S2, 
near  the  base  of  a  live-oak. 

Note  20  (p.  20). — It  was  our  privilege  to  follow  the  reading  of  this  paper  with  some 
remarks  expressing  our  generaliippreciation  of  it,  but  urging  at  the  same  time  some 
qualifications  of  the  theory,  aiul  the  belief  that  the  insect  hibernated  in  the  more 
southern  portion  of  the  belt.  These  remarks  seem  to  have  had  some  weight,  for  in 
the  printed  copy  of  the  puper  in  the  Proceedings  of  the  Association  a  qualifying 
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claase  (not  in  the  paper  as  read  or  as  printed  at  the  time  in  the  New  York  Tribune)  is 
added,  adm  itting  the  possibility  of  hibernation  in  Florida  and  southern  Texas.  Mr. 
Grote  based  his  views 'on  an  experience  had  in  what  is  known  as  the  central  cotton 
belt  of  Georgia  and  Alabama.  The  exact  northern  or  southern  limits  of  this  belt  are 
not  stated,  but  it  inclades  most  of  the  canebrake  region  of  the  latter  State,  and 
extends  south  of  what,  in  a  broader  way^  we  have  defined  as  the  southern  or  hiber- 
nating portion  of  the  whole  cotton  belt.  'The  arguments  against  the  theory  of  annual 
immigration  are  therefore  based  on  experience  gained,  in  great  part,  in  the  same  lati- 
tude and  regions  referred  to  by  Mr.  Grote.  In  1878,  Mr.  Grote  was  connected  with 
the  Department  of  Agriculture,  and  in  the  work  allotted  to  him  we  directed  him  to 
pay  particular  attention  to  this  question  of  hibernation,  and  it  is  due  him  to  state 
that  his  investigations  in  southern  Georgia,  according  to  his  report  submitted,  led  him 
to  admit  the  possibility  of  the  moths  hibernating  there,  though  as  late  as  January,  1879, 
he  was  reporte<l  as  having  confirmed  "  his  theory''  that  **  the  fly  comes  from  the  West 
Indies  with  the  south  winds  every  year."    (Popular  Science  Monthly,  vol.  xiv,  p.  406.) 

Note  21  (p.  20). — ^A  rough  division  of  the  cotton  belt  into  a  northern  and  southern 
portion  was  made  in  the  Introduction  to  the  first  edition  of  this  work,  and  we  repro- 
duce it  here  as  a  means  of  defining  what  we  mean  by  the  southern  portion  of  the  belt: 

Some  similar  classification  of  the  cotton  belt  will  also  greatly  aid  in  the  treatment 
of  this  Cotton  Worm  question,  and  as  a  temporary  classification,  to  be  elaborated  in 
future,  I  have  divided  said  belt  into,  first,  the  southern  or  permanent  portion,  where  the 
first  worms  annually  appear  and  the  mqth^  in  all  probability  hibernate ;  second,  the 
northern  or  temporary  portion,  in  which  the  insect  does  not  hibernate,  but  into  which 
it  spreads,  either  by  gradual  dispersion  or  by  more  sudden  migration,  from  the  perma- 
nent portion.  The  dividing  line  between  these  two  portions  must  needs  be  difficult 
to  define,  because  there  is  an  uncertain  region  that  may^  according  to  season  or  cir- 
cumstance, belong  to  either,  and  also  because  of  the  limited  observations  that  have 
yet  been  made.  Taking  the  early  appearance  of  the  worms  as  a  basis,  the  southern 
portion  may  be  thus  roughly  defined:  Beginning  with  Texas,  it  includes  the  region 
south  of  the  Galveston,  Harrisburg  and  San  Antonio  Railroad,  excluding  perhaps  the 
extreme  western  portion,  but  extending  somewhat  farther  north  alon^  the  river  bot- 
toms. In  Louisiana  and  Mississippi  it  includes  the  valley  of  the  Mississippi  River 
and  its  tributaries,  with  uncertain  northern  limits.  In  Alabama  it  is  represented  by 
the  limestone  cotton  belt  south  of  Montgomery,  though  probably  extending  farther 
north  to  the  east  of  that  point.  In  Georgia  it  does  not  extend  north  of  Albany  on  the 
west,  but  doubtless  includes  the  sea  islands  along  the  coast,  as  also  those  of  South 
Carolina,  though  at  the  present  time  cotton  cultivation  is  limited  to  Saint  Catharine's 
Island.    In  Florida  it  includes  all  parts  where  cotton  is  grown. 

NoTB  22  (p.  87). — This  claim  of  Professor  Stelle's  is  later  referred  to  in  Chapter 
XIY,  and  more  fully  discussed  in  Note  57,  to  which  the  reader  is  referred. 

Note  23  (p.  56). — These  organs  in  Leucarctia  acrea  were  figured  and^gain  described 
in  Papilio,  vol.'iii,  pp.41,  42  (Febr.,  1883),  by  Mr.  R.  H.  Stretch,  of  California,  and 
his  query  as  to  whether  they  had  been  noticed  at  the  East  brought  forth  notes  from 
A.  R.  Grote,  of  New  York,  and  C.  M.  Weed,  of  Lansing,  Mich.  (PapiUo,  iii,  p.  84,  Apr., 
1883).  The  latter  stated  that  he  had  found  similar  organs  in  the  male  of  Pyrrharciia 
Isabella,  ^ 

Note  24  (p.  85). — Our  remarks  oq  this  subject  were  as  follows: 

**  The  worm  in  my^  estimation  is  worse  in  wet  weather  than  in  dry, not  so  much  be- 
cause such  weather  is  more  fsivorable  to  its  development,  as  because  it  prevents  the 
numerous  enemies  from  so  eti'ectually  performing  their  accustomed  task.  The  ubiqui- 
tous ant,  ever  ready  to  pounce  upon  the  young  worm  when  it  is  helpless,  as  at  the 
time  of  hatching  or  of  nioUinj;,  aiul  the  many  Hying  wasps',  ichneumoUwS  and  other  in- 
sects that  constantly  search  the  leaves  for  this  soft  proy,  are  hindered  in  their  i)rc- 
daceous  work;  while  the  worm, relieved  of  these  watclitnl  checks  to  its  increase,  de- 
velops apace.  -It  is  on  the  same  grounds  that  I  would  exi)lain  the  fact  so  generally 
noted, that  the  wonn  first  appears  in  jiarticular  parts  of  a  lield.  Such  spots  are  gen- 
erally the  low  and  m6ist  spots  where  the  cotton  grows  most  luxuriantly,  and  where 
ants  least  abound.  They  represent  the  spots  of  least  molestation  to  the  youog  woira." 
•  •  •  (Abstract  of  an  address  before  the  Mobile  Cotton  Exchange,  and  published 
in  Mobile  Eegister,  July  9, 1879,  and  Colorado  (Tex.)  Citizen^  of  July  17,  lb79.) 
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Note  25  (p.  87). — An  interestiDg  instance  of  the  appetite  of  swine  for  Cotton  Worma 
16  told  by  a  writer  "in  the  Shelby  (Ala.)  Guide,  Two  pigs,  nearly  dead  with  cholen, 
were  turned  into  a  field  of  cotton  to  graze.  The  field  was  overmn  with  worms,  and 
the  pigs  fed  exclusively  upon  them,  recovering  from  their  cholera  and  growing  fat  on 
the  diet.  Their  presence  induced  another  *'  gang''  of  pigs  to  enter  the  field,  and  it 
was  surprising  to  see  with  what  activity  and  persistence  they  hnnted  the  womu. 
The  half-starved  dogs  of  the  poor  Ireedmen  and  also  their  cats  are  also  reported  to 
feed  upon  the  worms. 

Note  26  (p.  88). — In  the  Report  upon  Cotton  Insects,  Department  of  Agriculture, 
1879,  a  tolerably  complete  list  of  Southern  birds  is  given  (pp.  159-162),  those  nesting 
in  the  South  being  especially  designated.  This  list  was  compiled  by  Mr.  Robert  Ridg- 
way,  of  the  Smithsonian  Institution. 

Note  27  (p.  89). — It  is  a  question  as  to  how  far  the  English  Sparrow  will  be  able  to 
hold  its  own  in  the  extreme  southern  portions  of  the  country.  We  find,  upon  corre- 
spondence with  the  members  of  the  American  Ornithologists'  Union,  and  esx>eciallj 
with  members  on  the  special  committee  on  migrations,  that  very  little  seems  to  be 
known  to  ornithologists  as  to  the  exact  distribution  of  this  bird  in  the  South  and 
West.  From  other  sources  and  from  our  own  correspondents  it  has  obviously  ex- 
tended all  over  the  South  and  is  now  even  found  on  the  Pacific  coast.  But  it  is  also 
equally  obvious  that  in  the  hotter  portions  of  the  country  it  is  confined  to  towns  and 
villages,  and  has  not  become  in  any  way  an  important  factor  in  the  suppression  of 
the  Cotton  Worm. 

Note  28  (p.  89). — Having  turned  these  spiders  over  to  Dr.  George  Marx,  with  a  re- 
quest that  he  make  a  brief  report  upon  them,  he  has  kindly  submitted  the  following 
notes  with  the  accompanying  figures : 

The  following  list  of  spiders  which  are  found  inhabiting  the  cotton  plant  and  feed- 
ing on  the  larva  of  the  cotton  moth  Aletia^  certainly  does  not  comprise  the  full  num- 
ber of  those  spiders  which,  by  destroying  insects  noxious  to  agriculture,  deserve  par- 
ticular mention  and  description.  But  although  the  number  of  the  present  list  is  small 
and  insufficient,  the  mentioning  of  these  few  beneficial  spiders  seems  to  me  justified 
by  the  fact  that  it  is  the  first  attempt  to  draw  the  large  and  interesting  order  of  AraneiB 
out  of  an  undeserved  and  superstitious  interdict  into  a  more  MencQy  relation  to  as. 
The  spiders  which  have  been  observed  to  devour  the  larvie  of  Aletia  belong  to  six 
difi'erent  families,  and  were  the  observations  mofe  complete  would  probably  comprise 
all  the  families  of  the  order. 

EPEiROiDiB.  Epeira  etellata  H.  (PL  LXIII,  Fig.  1). 

Tetragnatha  extmsa  W.  (PI.  LXIV,  Fig.  1,  i  and  9  )• 
Tetragnatha  lahoriosa  H. 
Argiope  faadata  (H.)  (PI.  LXIII,  Fig.  2). 
TnERiDioiDiB.  TheHdula  sphasrula  (H.)  (PI.  LXIII,  Fig.  3). 

Theridula  quadripunctata  Keyserling.  ; 

Linyphia  communU  H.  (PI.  LXIII,  Fig.  4). 
Euryopis  funebris  ( H. ). 
Teuiana  triangulosa  (keyserling). 
Mimettis  interfectar  H. 
Thomisoid^.  Miaumena  atnericana  Keyserling. 

Misumena  georgiana  Kevserllng. 
Xysticus  quadrilineatus  Keyserling. 
DRASSOiDiE.  Cheiracan tliium  piecaiorium  (H. ). 
ATTOiDiE.  Attus  fascioWus  H. 
Attue  parvus  H. 
Attua  cardinalis  H. 
OxYOPOiDJB.  Oxyopes  viridans  H.  (PI.  LXIV,  Fig.  2). 

The  mode  of  capturing  their  victims  differs  with  the  different  families,  bnt  obMr- 
vations  in  this  connection  are  very  limited,  though  it  may  be  stated,  with  consider- 
able certainty,  that  the  members  of  the  Thon)isoid,Drassoid  and  Attoid  families  aim- 
Ely  jjimp  suddenly  upon  the  larvae,  killing  them  instantly  by  biting  them  to  death; 
ut  the  way  in  which  the  smallest  and  most  frail  of  all  the  spiders  enumerated  here, 
the  Theridula  sphcerula,  captures  her  prey,  shows  so  much  intelligence  and  skill  that 
it  deserves  a  more  full  description. 
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Too  small  in  body  to  follow  the  habits  of  the  other  spiders  with  the  slightest  chances 
of  anccess,  nature  has  gifted  this  little  heroine  with  a  highly  developed  intellect  by 
which  she  is  enabled  to  come  victorious  out  of  the  so  uneven  iight,  for  the  larva  is  often 
twenty  to  thirty  fold  larger  and  heavier. 

Let  us  look  upon  a  larva,  about  half  an  inch  long,  feeding,  unsuspecting  the  ap- 
proaching, danger,  on  the  succulent  leaf  of  the  cotton  plant.  Suddenly  we  see  a  small 
black  dot  not  much  larger  than  the  head  of  a  pin  lowering  itself  from  a  leaf  above  to 
that  on  which  our  larva  feeds.  This  little  dot  is  the  Thendula,  and,  alighting  on  the 
leaf,  she  runs  busily  backward  and  forward  about  the  sluggish  larva,  always  avoid- 
ing to  touch  and  disturb  the  larva,  often  climbing  on  a  thread  from  one  side  to  the 
other  side,  thus  surrounding  the  victim  with  a  nearly  invisible  system  of  threads,  tire- 
less, adding  strength  to  it,  testing  here,  with  all  her  force,  the  durability  of  one  cord, 
adding  there  another  loop  to  a  weak  point.  After  an  hour  or  more  she  has  finished 
her  work,  and  suddenly  disappears  to  the  underside  of  the  leaf  above.  Now  the  larva 
becomes  restless,  it  throws  its  head  angrily  about,  its  whole  body  Jerks  wildly,  it 
endeavors  to  walk  away,  but  in  vain ;  it  is  held  by  invisible  powers ;  nay,  it  is  lifted 
up  from  the  leaf  and  gradually  and  noiselessly  is  hoisted  to  the  underside  of  the  leaf 
above.  It  is  wonderfulwhat  strength  and  what  amount  of  mechanical  ingenuity  are 
here  displayed.  [Of  the  mechanism  of  this  hoisting  an  often  twenty  times  heavier 
wei<;ht  by  the  spider  we  know  little,  as  the  threads  are  very  thin  and  the  spider  always 
at  the  underside  of  a  narrow  projection,  a  crevice  of  a  fence  rail  or  stone,  or  the  under- 
side of  A  leaf,  and  being  very  shy,  immediately  interrupts  her  work  at  the  slightest 
disturbance.  According  to  my  notes  it  took  a  Theridula  one  hundred  minutes  to  lift  a 
larva,  over  half  an  inch  in  length,  6^  inches  to  the  underside  of  the  plate  of  my  work- 
ing table.] 

Having  ner  prey,  which  has  become  exhausted  and  motionless  by  its  fruitless  en- 
deavors to  free  itself,  securely  fastened  to  a  projecting  vein  of  the  leaf,  our  little  hero- 
ine now  throws  out  by  her  hind  feet  a  mass  of  threads  which  she  fastens  over  the  larva 
at  the  same  time.  Slowly  and  at  long  intervals  does  the  larva  move  in  its  ties  while  the 
little  spider  runs  busily  about  it,  fastening  it  with  more  ropes  to  the  leaf;  this  takes 
another  hour,  abd  now  she  cautiously  approaches  the  larva,  and  after  repeated  trials 
she  has  selected  the  right  spot,  generally  at  the  second  or  third  segment,  into  which 
she  introduces  her  poisonous  fangs.  Hours  afterward  we  can  see  the  victress  motion- 
less in  the  same  position,  sipping  the  sweet  juice  from  the  body  of  her  victim. 

The  following  facts  concerning  one  of  the  commoner  spiders  (Oxyopea  viridana)  were 
published  by  Mr.  Hubbard  in  the  American  Entomologist,  vol.  iii,  p.  250 : 

A  V gust  28, 1880. — In  the  field  to-day  I  observed  a  spider,  Oxyopes  viridans,  eating  a 
Tachinid  (f )  fly.  These  large  green  spiders  are  quite  common.  I  am  inclined  to  think 
they  do  not  attack  the  caterpillar.  1  watched  one  resting  upon  the  same  leaf  with  a 
worm,  to  which  the  spider  paid  no  attention.  During  the  entire  morning  the  spider 
remained  upon  the  same  leaf,  while  the  caterpillar  wandered  to  the  next  leaf,  and  fed 
in  plain  sight  of  the  spider  unmolested.  Another  specimen  of  the  same  spider  ran 
over  a  leaf,  on  the  underside  of  which  a  caterpillar  was  feeding.  The  caterpillar 
jerked  and  shook  the  leaf,  but  the  spider  paid  no  attention  to  it. 

Septemher  3. — ^This  morning  I  could  not  find  u  caterpillar  in  the  ''Simpson  cotton," 
excepting  one  just  hatched.  I  saw  the  green  Oxyopes  feeding  upon  a  bee,  Anthophora 
or  Megatmle,  or  some  bee  of  medium  size.  (I  did  not  succeed  in  securing  it.)  There 
are  many  burrows  of  a  Cicindela  larva  (probably  C.  punctulataf  which  is  abundant  in 
the  cotton  fields).    They  (the  larvse)  capture  ants  chiefly. 

NoTK  29  (p.  102).— Trichogramma  pretiosa  Riley  (Can,  Ent,,  vol.  xi,  p.  161.)— 
Length  about  0.3™™,  yellow,  the  eyes  red,  the  wings  hyaline.  Head  wider  than  the 
thorax ;  antennas  5  jointed,  joints  3  and  4  in  the  9  forming  an  ovate  mass,  and  together 
shorter  than  joint  2 ;  joint  5  large,  thickened,  and  very  obliquely  truncate ;  in  the  f 
joints  3,  4,  and  5  form  a  more  or  less  distinct  elongate  club,  beset  with  long  bristles. 
Hairs  of  the  wings  arranged  in  about  fifteen  lines.  Abdomen  not  so  wide  as  the 
thorax,  but  as  long  as  the  head  and  thorax  together ;  in  the  9  the  sides  subparallel 
and  the  apical  joint  suddenly  narrowed  tP  a  point. 

DiffnrB  from  Trichogramma  minuia  Riley  (Third  Rep.  Ins.  Mo^  p.  158,  fig.  72,  9 )  in 
its  smaller  size  and  uniform  pale  yellow  color,  and  also  in  the  form  of  the  third  and 
fourth  joints  of  the  antennso. 

Note  29a  (p.  104). — This  species,  although  so  much  resembling  the  Trichogramma 
egg  parasite,  belongs  to  the  family  Proctotrupidie,  subfamily  Mymarin©.  We  have 
erected  for  it,  provisionally,  the  MS.  genus  Metamymar^  and  have  given  it  the  specific 
name  of  aleurodis. 
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Note  30  (p.  104).— Apakteles  aletl«  Riley. — Length  2™°^,  <J  9.  Black;  palpi 
white ;  lahmm,  mandibles,  and  basal  joint  of  antennsB  piceo-testaceons,  the  flac^eUnm 
sometimes  piceons.  Legs  light  red,  the  posterior  tibiae  whitish  on  the  basal  half; 
tips  of  posterior  tibicBi  the  posterior  coxss  and  tarsi,  black  or  blackish ;  the  posterior 
femora  sometimes  dusky.  Abdomen  testaceous  beneath,  except  along  the  median  line 
and  on  the  apical  third;  the  edges  of  the  first  joint  testaceous.  Wings  hyaline,  the 
tegalffi,  veins,  and  stigma  white,  Mesoscutum  closely  punctured,  opaque ;  scutellmn 
sparsely  punctured ;  metathorax  obliquely  truncate,  its  posterior  face  with  a  median 
subtrapezoidal  or  pentagonal  area.  Abdomen  narrow,  basal  joint  as  long  as  on»-  * 
half  of  the  remainder,  rugose,  its  posterior  border  excavated  in  the  middle,  remain- 
ing joints  not  sculptured  and  not  highly  polished.  Ovipositor  not  exserted.  Radial 
vein  arising  slightly  beyond  middle  of  stigma  and  forming  a  curve  with  the  ba«al 
vein  of  the  areolet.  This  species  resembles  A,  hyalinusCTeas,,  described  from  Cuba, 
but  differs  in  the  coloration  of  the  legs  and  in  the  ovipositor  not  being  thickened  at 
the  tip. 

Larva, — 4°^™  in  length.  A  smooth,  memberless  grub,  narrowing  towards  the  head 
and  thickest  near  the  posterior  end ;  the  head  nearly  as  large  as  the  first  joint,  the 
sutures  between  the  joints  rather  indistinct.  The  mouth-parts  minute,  similar  to 
those  of  other  hymenopterous  parasites.  The  sixth,  seventh,  eighth,  and  ninth  joiDts 
behind  the  head  provided  with'a  pair  of  prominent  lateral  tubercles ;  pairs  of  slighter 
tubercles  on  the  fifth  and  tenth  joints.  Color  white,  or  tinged  with  green  or  yellow. 
— ITrans,  Acad,  Soi.  St,  Loui8,  iv,  p.  306;  Sep.,  author's  ed.,pp.  3  and  11. 

Note  31  (p.  105). — The  only  specimen  of  the  Chalcid  bred  from  ApanteUt  aleftaii 
mounted  in  balsam,  and  by  accidental  pressure  has  separated  into  pieces.  From  the 
fragments  of  the  antennso  and  from  the  wings  it  is  quite  evident  that  it  is  the  male 
of  some  species  of  Eupelm%L», 

Note  32  (p.  105). — The  following  revised  description  by  Mr.  Howard  of  ComstocVs 
Euplectms  is  from  Bulletin  5,  Bureau  of  Entomology,  United  States  Department  of 
Agriculture : 

EUPLKCTRUS  coMSTOCKii  Howard.  IfaZe.— Length,  1.98™";  wing  expanse,  4.3™"; 
greatest  width  of  fore  wing  0.8°»™.  Face  triangular,  narrowing  sharply  below  eyes, 
smooth  and  glistening,  with  a  very  few  punctures;  antennal  scape  slender,  not 
widened.  Pronotum  very  rugose,  except  at  posterior  border ;  mesoscutum  somewhat 
transversely  rugose,  with  a  strongly- marked  median  longitudinal  carina ;  mesoscn- 
tellnm  smooth;  metathoracic  carina  very  pronounced  and  dividing  posteriorly ;  me- 
tatibial  spine  nearly  as  long  as  first  two  tarsal  joints.  Abdomen  broadening  from 
base  and  subtmncate  at  tip.  General  color  shining  black  with  long  stiff  whitiah 
hairs  scattered  over  thorax;  labrum  honey -yellow;  antenual  scape  light  honey-yel- 
low, flagellum  gradually  darker,  club  quite  dark  at  tip :  all  legs  honey-yellow ;  abdo- 
men with  a  dorsal  yellow  spot  entirely  bounded  with  black  and  of  an  irregular  pyra- 
midal shape,  the  base  of  the  pyramid  towards  tip  of  abdomen;  venter  yellow-brown 
along  median  line. 

Female, — Slightly  larger ;  abdomen  more  nearly  ovate. 

Note  33  (p.  106). — We  give  here  a  description  of  this  secondary  parasite,  drawn  up 
by  Mr.  Howard : 

Elachistus  euplectm  Howard  (new  species).  Female, — Length  of  body  1.8"*. 
Expanse  of  wings,  S.O'"™.  Greatest  width  of  fore  wing  0.53"»™.  rarapsidal  sutures 
almost  continuous  with  scapular  sutures;  mesoscntellum  with  a  slight  notch  at  its 
anterior  border  and  a  cleau  median  furrow.  Occiput  and  petiole  finely  but  densely 
punctured;  face  and  njesosciitum  finely  shagreened;  niesoscutellum  smooth,  with 
two  longitudinal  furrows  of  deeply  impressed  dots.  Abdomen  oval  acuminate,  with 
the  largo  first  joint  smooth  and  sbinrnjx,  slightly  shagreened  at  its  posterior  bonier; 
the  succeeding  joints  all  slightly  shagreeued,  and  each  with  a  transverse  row  of 
white  hairs.  Stigiual  vein  very  short  and  globular;  post  marginal  twice  the  length 
of  stijL^nial.  Color,  dark  metallic  green ;  scape  of  antenme  and  all  legs  white  or  faintly 
yellowlMh;  wing  veins  dark  brown. 

Male. — Slightly  smaller  than  9;  abdomen  ovate;  parapsidal  sutures  not  continuous 
with  scapular,  but  nioetiug  so  as  to  give  the  mesoscutum  a  pointed  appearance.  Color: 
head  and  thorax  with  a  strong  coi)pery  luster,  bluish  beneath;  abdomen  bright  me- 
taiJic  blue,  not  shagreened',  aiitcuual  scape  white,  metallic  blue  at  tip.    In  other 
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respects  similar  to  $.    Described  from  1^59  specimens,  bred  from  Euplectnu 
eanistockii  at  Selma,  Ala. 
This  species  seems  to  belong  to  Thomson's  third  section  of  the  genns  ElachUtus. 

Note  34  (p.  107). — Except  in  lacking  the  two  bristles  at  the  apex  of  the  third  seg- 
ment of  the  abdomen  which  are  prominent  in  sarracenicB  (type),  and  in  other  species, 
the  specimen  differs  in  no  respect  from  those  found  to  infest  the  Rocky  Mountain 
Locust  and  Oaloptenus  differentialis  (Locust  Plague,  dec,  pp.  13^  136;  and  First  Ann. 
Rep.  U.  8.  Ent.  Comm.,  p.  324).  Although  in  the  works  here  cited  sarracenicB  is  con- 
sidered a  Tariety  of  the  common  European  8.  camaria  it  seems  beet  to  maintain  it  as 
a  distinct  species  in  accordance  with  the  characters  given  by  Mr.  R.  H.  Meade,  who, 
in  his  **  Monograph  upon  the  British  species  of  Sarcophaga  or  Flesh-fly  "  (Ent.  Mo. 
Mag.,  vol.  xii,  p.  216  ff.,  Febr.-May,  1876),  separatee  the  species  into  two  principal 
divisions,  according  as  the  tip  of  the  abdomen  is  red  or  is  black  or  gray.  In  a  note 
published  in  Baron  Osten  Sacken's  Catalogue  of  the  described  Diptera  of  N.  A.,  2d 
ed.,  p.  t57,  Mr.  Meade  says:  ''There  is  no  specimen  in  your  collection,  however,  ex- 
actly like  the  true  S.  camaria  so  common  in  Europe.  There  are  some  striking  points 
of  difference  between  the  Sarcophaga  of  America  and  Europe  generally,  the  chief  of 
which  is  that  in  the  former  species  with  one  or  both  anal  segments  red  or  yellow  pre- 
dominate, while  among  the  latter,  those  with  the  anal  segments  black  or  gray  are 
more  numerous  than  those  with  the  red." 

The  following  additional  specific  characters  may  be  added :  Thorax  with  four  bris- 
tles behind  the  suture  in  the  two  dorsal  rows^  the  two  anterior  bristles  small,  the  two 
posterior  strong ;  in  front  of  the  suture  are  two  small  bristles  alternating  with  two 
of  slightly  larger  size.  There  are  no  minute  spines  on  the  second  longitudinal  vein 
similar  to  those  on  the  fourth.  The  posterior  tibiss  of  the  ^  are  loosely  bearded  on 
the  inner  side  with  long  soft  hairs.  The  second  abdominal  Joint  is  not  armed  with 
strong  central  spines,  and  the  spines  at  the  apex  of  the  third  Joint  are  short  and  weak. 

Note  35  (p.  109).— Tachina  albti^  Riley  {Can.  Entf  vol.  xi,  p.  162).— Length 
8™°^.  Black ;  head  golden,  facial  depression  silvery,  space  between  the  eyes  and  the 
frontal  stripe  about  equal  to  the  breadth  of  the  stripe,  bristles  of  the  head  black,  the 
pubescence  behind  and  beneath  the  eyes  white ;  antennss  blackish,  palpi  testaceous. 
Eyes  at  a  moderate  distance  apart,  thinly  pubescent;  front  moderately  prominent; 
third  joint  of  the  antennae  three  or  four  times  the  length  of  the  second  Joint.  Thorax 
and  the  second  and  following  abdominal  Joints  more  or  less  ashy,  the  thorax  with 
^four  or  five  longitudinal  black  stripes.  Wings  snl^^yaline.  Legs  black,  with  a 
piceous  tinge ;  tarsal  cushions  yellowish.  Scutellum  and  the  sides  of  the  first,  sec- 
ond, and  third  abdominal  Joints  sometimes  tinged  with  reddish-brown.  No  strong 
bristles  on  the  first  and  second  abdominal  Joints  above. 

Note  36  (p.  109).  Tachina  fraterna  Comstock  (Annual  Report  of  Commissioner 
of  Agriculture,  1879,  p.  303).— >(%lor :  (xeneral  effect  nearly  black ;  head,  face,  and  facial 
depression  silvery  white,  inclining  slightly  to  golden  on  occiput ;  antennae,  first  and 
third  Joints  black,  second  Joint  testaceous ;  palpi  testaceous ;  pubescence  behind  the 
head  blackish ;  «thorax,  second  and  following  abdominal  Joints  ashy ;  thorax  with  two 
plain  longitudinal  black  stripes  and  two  indistinct ;  first  abdominal  Joint  black  above, 
ashy  beneath ;  femora  piceous ;  tibiie  and  tarsi  nearly  black.  Eyes  finely  pubescent. 
In  other  respects  resembling  T.  aleiia  Riley.    Described  from  two  specimens. 

Note  37  (p.  110). — ^The  Tachinid  larva  differs  from  that  of  Sarcophaga  in  the  follow- 
ing characters:  It  is  of  a  paler  whitish  color,  the  skin  being  softer  or  less  chitinized; 
the  body  is  less  narrowed  anteriorly  ;  the  prothoracic  spiracles  are  less  apparent;  a 
pair  of  spiracles  are  present  on  the  posterior  border  of  the  fourth  Joint  behind  the 
head,  which  are  not  discoverable  in  Sarcophaga;  the  Joints  are  not  conspicuously 
wrinkled  transversely  and  there  are  no  lateral  prominences,  the  anterior  portion  of 
each  Joint  being  prominent  and  roughened  with  minute  points;  the  spiracular  cavity 
at  the  end  of  the  body  is  more  shallow,  the  spiracles  being  exposed  upon  the  obliquely 
truncated  area,  and  there  are  no  anal  prolegs.    Tlio  TBychmi^  pupar\umTsx»:^\^^^E«ftJ^^^ 
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distingnished  from  that  of  Sarcophaga  by  the  obsoleecenoe  (or  in  some  species  entiie 
absence)  of  the  prothoracic  spiracles  so  prominent  in  Sarcophaga^  and  the  absence  of 
a  cavity  for  the  anal  spiracles,  both  ends  of  the  body  being  qnite  uniformly  ronnded. 

Bartb^emy  has  described  the  larva  of  Senometopia  atropiv&ra  (Ann.  80,  NaLfA*  s^r.^ 
vii,  p.  115),  while  Laboulb^ne  has  described  both  larva  and  pnpa  of  Tackina  villica 
(Ann.  Soo,  Ent.  Fr,^  1861,  p.  231,  pi.  7) ;  bnt  as  these  descriptions  are  not  readily  acces- 
sible to  the  American  reader,  I  reproduce  from  the  Trans.  Ac.  So.  St.  Lonis,  vol.  iii,  p. 
238-239  my  description  of  the  larva  and  pnpa  of  Sarcophaga  aarraeenice,  and  add  for 
comparison  that  of  BelvoiHa  hifasciata  (Fab.),  one  of  onr  largest  and  most  beantifu) 
species,  parasitic  on  CUheronia  regalis  and  various  species  of  Dryooampa, 

Sakcopha(>a  sarraceni^.  Xarra.— 0.30-0.85  inch  long.  Body  composed  of  bnt  11 
visible  joints  exclusive  of  the  head ;  microscopically  and  transversely  shagreened ; 
transversely  wrinkled,  the  hind  wrinkle  on  each  joint  more  particularly  prominent 
laterally.  Head  extremely  small,  or  one-fourth  as  large  as  joint  I,  showing  a  division 
into  two  maxillary  lobes  at  the  tip  and  a  larger  labial  lobe  beneath,  wittf  a  smaU 
bunch  of  setons  fibres  issuing  from  it;  the  black  retractile  jaws,  of  the  ordinary  form, 
issuing  between  these  lobes,  and  the  antennss  showing  in  two  small  rufous  projections 
above  the  maxillary  lobes,  sparsely  armed  anteriorly  with  minute  conical,  sharp- 
pointed  spines  deourVed  in  front,  directed  backward  beneath.  Prothoracic  spiracle 
pale  rufous,  retractile,  sponge-like,  studded  with  numen)ns  lobules,  divided  at  the  end 
into  a  variable  number  of  branches  (6  being  usually  apparent,  never  more  than  8), 
which  in  their  turn  ramify  into  lobules.  Anal  stigmatic  cavity  quite  deep;  the  fleshy 
prominences  on  the  carina  surrounding  it,  sub-obsolete ;  the  stigmata  bat  slightly 
excavated  below,  the  border  brown,  inclosing  three  brown  openings,  the  lower  ends  of 
which  reach  to  a  circular  clear  spac6  in  the  corneous  and  pale  rufous  peritreme.  Anal 
prologs  qnite  small,  with  the  longitudinal  anal  slit  between,  and  a  oomeouB  plate  in 
front  of  them. 

Puparium, — 0.25-0.50  inch  long ;  neither  smooth  nor  highly  polished,  and  varying  from 
yellowish-brown  to  deep  brown-black  in  color.  Inseotions  more  or  less  distinctly 
traceable.  Head  and  prothoracic  joint  retracted ;  the  prothoraoio  spiracles  protrud- 
ing and  forming  two  small  ears  about  as  long  as  joint  2 ;  the  mass  of  lobules  hardened 
and  rufous.  Joints  2  and  3  constricted  and  flattened ;  4  suddenly  bulging.  End  of 
body  squarely  docked  by  spiracular  cavity^  the  rim  of  which  forms  qnite  a  ridge. 

Belvoisia  bifasciata.  Larva, — Length  Ib^"^.  White,  the  skin  soft ;  body  cylin- 
drical, tapering  on  the  anterior  joints  towards  the  head,  the  apex  obliquely  truncated. 
Head  small,  furnished  with  two  stout  black  hooks,  situated  under  two  cresoentio  ele-* 
vations  at  a  moderate  distance  apart ;  when  viewed  f^om  in  fh>nt  the  head  obscurely 
bilobed,  near  the  center  of  each  lobe  two  chitinous  points,  one  situated  above  the  other. 
No  prothoracic  spiracles  apparent,  a  distinct  circular  spiracle  on  the  posterior  bordw 
of  the  fourth  joint  behind  the  head,  and  situated  slightly  above  the  median  line.  The 
anterior  border  of  each  joint  slightly  prominent  and,  except  on  the  dorsal  side  of  the 
apical  joints,  roughened  with  minute  points,  the  posterior  border  of  the  apical  joints 
similarly  roughened.  Joints  4-11  with  a  distinct  transverse  median  depression  on  the 
ventral  side,  the  depression  deepest  on  the  intermediate  joints,  the  portion  behind  this 
depression  on  the  joint  11  forming  a  prominent  transverse  tubercle  beneath  the  trunca- 
tion, upon  which  the  anal  spiracles  are  situated.  Anal  spiracles  black,  each  with  the 
slit-Ilke  openings,  and  a  circular  spot  in  a  clear  space  beneath  them. 

In  Westwood's  Introduction,  vol.  ii,  fig.  131,  is  copied  from  Bouch^,  a  figure  of  the 
larva  of  Tachina  conoinnala  of  similar  form  to  that  of  Belvoina;  but  the  peculiar  *^  pro- 
thoracic spiracle  "  fignre^  in  connection  is  not  apparent  in  the  larva  before  me.  In 
the  normal  form  of  theTachinid  puparium  the  anterior  pair  of  spiracular  openings  are 
even  with  the  general  surface  of  the  puparium,  so  as  to  be  discoverable  with  difficnlty. 
The  true  spiracles  are  internal,  and  may  be  found  opposite  these  perforations  on  the 
membrane  which  lines  the  puparium  after  the  fly  has  escaped.  The.puparium  is  red- 
dish-brown, the  anal  spiracles  and  the  anus  black ;  the  joint  of  the  body  not  distinct; 
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tUe  anal  Bpiracles  distinctly  upon  the  surface  of  the  sabtrnncated  posterior  end,  not 
situated  in  a  cavity  as  in  SaroophcLga;  just  beneath  these  spiracles  is  a  slight  transverse 
elevation. 

The  pnparium  of  BeUoiiia  h^aadata  differs  somewhat  from  the  ordinary  form.  It  is 
black,  roughened,  increases  in  width  posteriorly,  has  the  anal  spiracles  drawn  far  for- 
ward upon  the  back,  and  each  represented  by  three  swollen  tubercles,  and  the  space 
between  them  and  the  tip  of  the  puparium  is  very  irregular  and  has  a  conspicuous 
transverse  depression. 

Note  38  (p.  111). — Cryptus  oonquiHtOTf  Say  {Bost  Jour,,  i,  232),  of  which,  as  Walsh 
{Canadian  Entomologist,  ii,  12)  pointed  out,  Cryptua  pUurivinctus,  Say  (1.  c,  235),  is  a 
synonym.  By  some  oversight  pleurimnotuB  stands  as  a  synonym  under  annuHoamU, 
Cress.,  instead  of  conquudior,  in  Mr.  Cresson's  List  of  the  North  American  Pimplaria 
{Trans.  Am,  JEnt,  Soo,,  iii,  170). 

Note  39  (p.  114). — The  name  Cryptus  exirematis  Cress,  should  yield  to  C,  samuB 
Pack.,  because  two  species  (one  of  which  is  nundus)  were  combined  under  it  in  the 
original  description. 

Note  40  (p.  115). — We  gave  the  following  description  of  the  larva  and  pupa  of 
ChaUyis  ovata  in  the  first  edition  of  this  report : 

The  larva  is  a  slender  legless  maggot,  7°^  in  length.  The  body  tai>ers  at  each  end, 
particularly  behind,  and  has  a  conspicuous  lateral  ridee.  The  head  is  similar  to  that 
of  the  Pimpla  larva  described  further  on,  but  the  mandibles  are  nearlv  concealed,  be- 
ing covered  by  the  other  mouth  parts.  The  first  three  joints  of  the  boay  are  separated 
by  deeper  constrictions  than  the  succeediog  Joints,  and  the  lateral  tubercles  on  joints 
4-10  have  a  smaller  but  distinct  tubercle  behind  them.  The  spiracles  in  the  alcoholic 
specimen  are  indistinct,  owing  to  their  agreeing  with  the  skin  in  color ;  but  their 
position  is  apparent  upon  the  anterior  border  of  the  second,  third,  fourth,  and  several 
of  the  posterior  joints.    Length  7™™. 

The  pupa  is  short  and  robust ;  pale  at  first  but  becoming  brown,  the  head  and  thorax 
anteriorly  darker.  It  has  two  prominent  tubercles  between  the  eyes  just  above  the 
insertion  of  the  antennce,  and  above  each  of  these  a  slight  ridge  extending  as  high 
as  the  lower  ocellus,  which  is  situated  on  a  slight  prominence  within  the  fork  of 
an  impressed  line  on  the  vertex.  Only  five  distinct  joints  in  the  antennse  between 
the  scape. 

In  addition  to  Desmia  maculalis,  and  the  two  species  of  Jpatura  mentioned  in  the 
tfxt,  we  have  bred  this  parasite  from  Thyridopteryx  ephemeraformis  (Haw.),  Caoodcia 
rosaceana  (Harr.),  Geleckia  galUB  solidaginis,  Biley,  and  Botis  alnialis  Biley  MS.  (See 
Bulletin  5,  United  States  Department  of  Agriculture,  Division  of  Entomology,  p.  8.) 
The  species  is  very  variable  in  size,  and  we  have  specimens  as  small  as  3™*°  in  length 
while  others  measure  as  much  as  6™'". 

Note  41  (p.  115).~Tbis  species  {Tetrastiohus  esurus,  Riley)  was  treated  in  the  first 

edition  under  the  generic  name  Cirrospilus,  and  in  the  original  description  (Canadian 

Entomologist,  xi,  162),  it  was  also  placed  in  that  genus,  but  only  provisionally,  and 

we  there  called  attention  to  its  close  relationship  with  Tetrastichus,    Since  receiving 

more  abundant  and  better  material,  and  after  a  closer  study,  we  hare  decided  that  it 

should  be  placed  in  the  latter  genus.    We  reproduce  the  original  description : 

Lenfifth  1.5°^"^.  Dull  black;  knees,  tibise,  and  tarsi  yellowish;  the  posterior  tibiss 
sometimes  dusky.  Eyes  with  scattered  short  bristles.  Antenufe  of  the  ^  9-jointed, 
with  the  joints  of  the  flagellnm  subequal  and  beset  with  bristles,  the  ninth  joint 
small.  AntennsB  of  the  9  8-jointed,  the  fourth  and  fifth  shorter  than  the  second  o.nd 
third,  the  three  apical  joints  forming  a  club.  Thorax  above  microscopically  punctate ; 
parapsides  distinct  and  elevated;  scutellum  with  a  longitudinal  impressed  line  on 
each  side.  Wings  hyaline,  pubescent,  but  the  cilia  short ;  base  of  ulna  uneven ; 
radius  not  developed.    Abdomen  short  and  sessile;  ovate. — {Can,  Ent,  xi,  p.  162.) 

Note  42  (p.  115).  Rexaplasta  zigzag. — We  reproduce  the  original  description  of  this 
species : 

Average  length  1.6™°^.  Body  uniformly  polished  black.  Legs,  palpi  and  antenufls 
reddish  in  the  female ;  coxsb,  femora,  and  antennse  toward  tip  infuscate  in  the  male. 
Peduncled  joints  of  antennss  with  a  few  minute  spines  around  the  crowu.^  undV^^^^^BL- 
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tndinally  striate.  rBaBe  of  thorax  and  of  abdomen  with  pale  pubescent  haiiB.  VHnge 
hyaline,  sparsely  beset  with  min'ite  spines  which  increase  radially  and  form  a  fringe 
afonud  the  posterior  half;  the  veins  of  front  wings  forming  a  sprawling  W,  with  par- 
tial croHH  veins  proceeding  from  the  lower  angles,  the  basal  cross  vein  longest;  tbe 
longitudinal  veins  with  a  few  prominent  spines.  Abdomen,  $ ,  showing  bnt  4  joints, 
the  terminal  three  short  and  hardly  distinguishable  Yentrally.---(^tii.  £ni,,  iii,  p.  52.) 

In  almost  every  larger  group  of  organisms  there  are  doubtful  forms  which  it  is  dif- 
ficult to  classify,  and  between  the  three  families  of  Chalcididse,  Proctotmpid»  and 
Cynipidad,  of  small  hymenopterous  insects,  it  is  difficult,  if  not  impossible,  to  give 
definitions  which  permit  the  ready  placing  of  some  of  the  more  osculant  forms.  Nor 
can  habit  be  any  more  safely  relied  on ;  for  while  the  first  two  families  are  essentially 
parasitic  and  the  la^t  gall-making;  yet,  according  to  present  definitions,  species  of 
the  first  are  exceptionally  gall-making,  and  species  of  the  last,  as  in  the  present  ease, 
exceptionally  parasitic 

*  Note  43  (p.  117). — The  following  is  Mr.  Hubbard's  communication,  together  with 
our  editorial  note  as  it  originally  appeared : 

Phora  aletuB  not  a  true  paraHie, — In  examining  my  breeding  jars  and  boxes,  I  inva- 
riably find  a  species  of  Phora  present  in  them,  whenever  they  contain  any  dead  animal 
matter.  This  is,  so  far  as  I  can  make  out,  the  Phora  aletia  which  Prof.  Comstook 
considers  one  of  the  parasites  of  Aletia.  Mr.  Treleaee  gives  his  experience  with  this 
fly  exactly  as  I  should  myself,  from  my  own  observations.  He  does  not  consider  it  a 
true  parasite,  but  yields  the  point  to  Prof.  Comstock.  Evidence  is  daily  accnmii- 
lating  in  my  notes  of  the  purely  scavenger  habits  of  the  Phora,  To-day  I  watched 
them  pass  through  the  meshes  of  fine  muslin  gauze,  covering  my  breeding  jars,  in 
which  moths  have  died,  or  pupas  been  killed  by  dampness  and  mold.  They  (the  flies) 
cather  about  moldy  food  and  excreiiient  of  larvse,  but  do  not  deposit  eggs  unless  they 
find  dead  moths,  larvae,  or  pupa),  and  moisture.  The  flies  are  very  persistent  in  posh- 
ing through  crevices,  and  I  watched  with  interest  the  gravid  9  9  try  to  squeeze 
through  the  gauze.  Sooner  or  later,  after  many  trials,  a  9  finds  a  mesh  that  is  loose, 
and  gets  through.  I  see  that  they  have  often  widened  the  meshes  and  pass  and  re- 
pass through.— (H.  G.  Hubbard,  Centreville,  Leon  Co.,  Florida,  Aug.  6.) 

[This  Phora  was  obtained  by  us  on  several  occasions  from  Aletia  chrysalids,  in 
1879,  and  quite  commonly  by  Mr.  Schwarz,  but  we  never  considered  it  truly  parasitio, 
and  doubt  whether  it  ever  is  strictly  so. — Ed.] — (Amerioan  Entomologi$t,  voL  iii,  p.  228.) 

Note  44  (p.  129). — In  advocating  the  destruction  of  the  moth  by  lights  and  fires  one 
circumstance  has  been  generally  overlooked,  which,  if  proven  to  be  correct,  is  almost 
fatal  to  the  theory  of  the  usefulness  of  this  remedy.  We  refer  to  the  experience'^ 
lepidopterists  that  the  vast  majority  of  the  moths  attracted  by  light  are  males.  Oar 
attention  was  called  too  late  to  this  fact  to  verify  it  in  the  case  of  Aletia  by  actual  ex- 
amination in  the  field,  as  the  moths  we  found  attracted  by  the  lights  had  not  been 
preserved,  but  upon  examining  a  number  of  Lachnosternas  which  had  thus  been  col- 
lected we  found  them  to  be  all  males  with  one  exception.  It  is  evident  that  if  only 
the  males  are  attracted  the  cflect  of  the  remedy  is  reduced  to  almost  nothing. 

KoTK  45  (p.  138). — So  long  as  such  cases  of  poisoning  are  liable  to  occur,  it  will  be 
well  to  widely  publish  the  means  of  counteracting  the  poison.  The  antidote  most 
highly  recommended  and  found  in  practice  to  be  effectual  is  hydrated  sesqnioxide  or 
peroxide  of  iron,  which  may  be  purchased  at  any  drug  store.  A  few  spoonfuls  taken 
soon  after  a  case  of  poisoning  will  counteract  any  evil  effects.  Another  very  simple 
antidote  is  to  drink  the  water  (or  even  to  apply  it  externally)  in  which  old,  rusty 
nails,  or  other  rusty  iron  hav^  been  washed,  or  in  which  the  rust  scraped  from  old  iron 
has  been  stirred  up. 

NoTB  46  (p.  140). — It  is  the  uniform  experience  that  the  non-fertilized  blossoms  are 
destroyed  by  wet  application  of  poisons  during  the  earlier  hours  of  the  forenoon  or 
even  by  a  rain-shower  at  that  time.  This  seems  to  be  correct,  though  it  is  difficult 
to  arrive  at  a  definite  conclusion,  as  a  great  many  blossoms  are  dally  lost  in  conse- 
quence of  overproduction.  So  far  as  the  experiments  go,  the  wet  application  dar- 
ing clear,  hot  weather  in  the  forenoon  seems  to  be  more  liable  to  ii\|ure  the  plant  than 
in  the  afternoon  or  during  cloudy  weather. 

Note  47  (p.  143).— An  easy  way  ol  Xft^^Iwi^Wift  ^wt^Xtj  ^1  ^wda  ^reen  is  to  put  about 
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100  grains  in  an  ordinary  wine-glass  and  add  thereto  an  ounce  of  liquid  ammonia. 
In  proportion  as  there  is  little  or  no  sediment  the  green  may  be  considered  pare. 

Note  48  (p.  145). — This  mixture  consisted  of  6  pounds  of  the  green  to  one  barrel 
of  flour,  in  addition  to  about  20  pounds  of  adhesive  materials ;  in  round  numbers, 
therefore,  of  1  pound  of  green  to  35  pounds  diluents,  this  proportion  being  generally 
used  near  Selma,  Ala. 

Note  49  (p.  162). — The  following  note  on  the  use  of  kerosene  on  cotton  is  fircm  Dr. 

Barnard's  report  of  experiments  made  at  Selma  (Ala.),  in  the  summer  of  1883.    (Bull. 

3,  Entomological  Division,  United  States  Department  of  Agriculture,  p.  47) : 

Concerning  the  use  of  kerosene  upon  cotton,  the  following  should  be  stated: 
About  10  gallons  were  applied,  half  undiluted  and  half  in  emulsion  variously  dilut-ed. 
The  undiluted  petroleum  destroyed  about  10  per  cent,  of  the  foilage  sprayed  by  it. 
The  lAidiluted  milk-keroseue  emulsiou  ruined  only  about  2  percent.,  and  this  diluted 
injures  less  and  less  according  to  the  attenuation,'  but  all  treated  was  injured  to  al 
least  a  slight  extent.  The  sprays  were  hardly  satisfactory,  as  the  tubing  would  not 
permit  the  high  pressure  necessary  for  a  very  fine  mist,  and  the  indications  are  that 
with  the  finest  spray  the  btrong  kero8ene  and  its  slightly  diluted  preparations  may 
possibly  yet  become  used,  in  proper  hands  with  great  caucion,  upon  the  crop,  but 
additional  experimental  tests  are  needed. 

Note  50  (p.  165). — Mr.  Willemot  calls  his  plant  FyrHhre  dn  caucase  {Pjpf^(hmm 
wiUemoii  Duchartre),  but  it  is  more  than  probable  that  this  is  only  a  synonym  of 
Pjfrethrum  roseum.  We  have  drawn  liberally  from  Willemot's  paper  on  the  subject, 
a  translation  of  which  may  be  found  in  the  Beport  of  the  Commissioner  of  Patents 
for  the  year  1861,  Agriculture,  pp.  223-231. 

Note  51  (p.  167). — A  very  good  illustration  of  the  growth  of  the  productive  industry 
in  this  country  is  afforded  by  the  fact  that  Mr.  George  Laird,  superintendent  of  the 
Buhach  plantation,  produced  about  40  tons  of  blossoms  in  1884,  and  employed  some 
250  Chinamen  during  13  days  in  gathering  the  crop. 

It  has  generally  been  supposed  that  Pyrethrum  is  innocuous  to  animals,  but  in  this 
connection  we  quot«  some  remarks  from  an  address  which  we  delivered  before  the 
Georgia  State  Agricultural  Society,  February  12, 1884 : 

Pyrethrum  is  supposed  to  have  no  effect  on  the  higher  animals,  but  that  i»  a  mistake, 
as  my  own  recent  experience  is  that  the  fumes  in  a  closed  I'ooui  have  a  toxic  iuflueuce, 
intensifying  sleep  and  inducing  stupor;  while  the  experience  of  Prof.  A.  Graham  Bell, 
with  the  powder  copiously  rubbed  on  to  a  dog,  showed  that  the  animal  was  made  sick 
and  was  affected  in  the  locomotive  organs  very  much  as  insects  are.  The  wonderful 
influence  of  this  powder  on  insects  has  led  me  to  believe  that  it  might  prove  useful 
as  a  disinfectant  against  fevers  and  various  contagious  diseases  by  destroying  the 
microzoa  and  other  micro-organisms,  or  germs  which  are  believed  to  produce  such  dis- 
eases.  It  should  be  tried  for  that  purpose.  It  is  remarkable  that  these  two  plants  of 
all  the  many  known  species  of  the  genus,  should  alone  possess  the  insecticide  prop- 
erty. 

Note  52  (p.  174). — It  is  evident  that  Pyrethrum  can  be  produced  as  cheap]^  in  Cali- 
fornia, with  the  Chinese  labor,  as  in  any  other  part  of  the  country ;  yet  the  reduction 
in  price  has  not  been  as  great  with  the  increase  of  production  as  we  have  been  led  to 
hope.  We  cannot  find  in  any  case  that  it  has  been  offered  for  less  than  50  centa  per 
ponnd,  when  the  purity  is  guaranteed,  though  a  New  York  firm  informs  us  that  they 
will  be  able  to  sell  as  low  as  30  cents  in  large  quantities. 

Note  53  (p.  179). — Indirectly,  also,  such  enemies  of  Aletia  are  killed  as  feed  on  the 
poisoned  worms,  and  in  recently  poisoned  fields  dead  birds  and  larger  ground  beetles 
have  been  reported  found,  the  destruction  of  which  must  doubtless  be  attributed  to 
the  poison.    The  number  of  such  cases  is,  perhaps,  larger  than  can  be  actually  proven. 

Note  54  (p*.  184). — In  order  to  illustrate  how  positively  this  and  other  plants,  here 
enumerated,  were  recommended  to  the  Commission,  we  give  herewith,  without  further 
comment,  the  following  letter  from  a  correspondent  in  Mississippi : 

Some  years  since,  when  a  caterpillar  was  stripping  the  oaks  wi  ftoii^  ^1  ^Ol-^  -^^t^, 
I  observed  that  some  which  had  ascended  an  Al\anttiU(&  ttftft  l^fe^c^eaSi:^  ^aJ^ftftL''''VJa.^ 

63  CONO-^AP 8 


[114]     REPORT   4,  UNITED    STATES   ENTOMOLOGICAL    COMMISSION. 

tree  of  HeaveD  ")  fell  from  it  paralyzed,  and  soon  died.  So^  when  the  caterpillars  at- 
tempted to  cro68  my  fence,  I  placed  in  their  way,  at  short  intervals,  branches  of  Ail- 
anthus  leaves,  and  killed  immense  nnmbers  of  them,  effectually  protecting  my  yard 
and  garden.  I  have  to  suggest  the  expediency  cf  trying  this  native  poison,  so  abund- 
ant and  easily  accessible,  on  the  cottou-worm.  I  have  found  the  common  larkspur 
an  effective  poison  on  insects.     Would  it  not  answer  as  well  for  the  Cotton  Wormf 

Note  55  (p.  164). — The  uiiiversal  belief  that  these  two  species  of  dog  fennel  are  never 
attacked  by  any  insect  is  without  any  foundation.  We  found  a  small  Longicom 
borer  (larva  of  Mecas  inoT^ata)  boring  in  the  stem  ;  an  unnamed  species  of  Bari»hoT^ 
in  the  root,  while  the  flower-heads  are  badly  infested  by  several  species  of  Bracky- 
tarsus. 

Note  56  (p.  288). — The  results  of  these  experiments  were  published  in  Bulletin  3, 
Division  of  Entomology,  United  States  Department  of  Agriculture.  The  m^hine 
had  been  perfected  to  a  large  extent  withont  accurate  field  test  of  its  practical  work- 
ing, and  in  order  to  learn  whether  any  improvements  could  be  made  in  its  sevend 
parts,  or  what  faults  it  possessed  as  a  working  machine,  as  soon  as  news  came  that 
the  worms  were  at  work  around  Selma,  Dr.  Barnard  was  sent  down  with  instructions 
to  make  the  proper  experiments.  His  report,  which  follows,  woold  seem  to  show 
that  considerable  modification  in  the  details,  especially  of  attachment,  is  necessary. 
Future  experiments  may  lead  to  the  abandonment  of  the  attempt  to  spray  cotton  firom 
the  ground  up,  on  account  of  the  irregularity  of  the  rows  in  the  average  cotton-field, 
and  the  adoption  of  lateral  or  oblique  spraying  from  nozzles  that  do  not  drag  entirely 
on  the  ground,  but  hang  some  inches  above  it.  While  the  crookedness  in  the  rows  in 
ordinary  cotton  fields  is  an  obstacle  to  the  use  of  any  complicated  machinery,  yet  it 
is  a  mistake  to  suppose  that  cotton  is  planted  so  irregularly  in  all  p4rts  of  the  South. 
While  it  holds  particularly  trae  in  the  e8«ily  washed  and  hilly  country,  charaoter- 
istio  of  the  larger  parts  of  the  ootton-growing  sections  of  the  Carolinas,  Georgia,  and 
Alabama,  it  is  by  no  means  to  the  same  extent  true  in  the  richer  ootton-prodncing  sec- 
tions of  the  Souths  as  in  the  larger  part  of  Mississippi  and  Texas,  and  the  oanebrake 
portions  of  Alabama.  Hence  the  machine  in  question,  as  illustrated  in  the  report, 
will  prove  more  satisfactory  in  those  sections,  the  elastic  fork  giving  sufiKcient  play  to 
accommodate  the  nozzles  to  whatever  slight  irregalarities  in  width  are  foond  in  well- 
planted  fields. 

The  Cotton  Worm  machine  described  in  the  annual  report  for  1861-^82,  and  now 
subjected  to  field  tests,  is  shown  to  be  suited  only  for  cotton  so  planted  that  the  rows 
are  spaced  apart  very  equally,  since  it  lacks  adaptability  to  the  usual  great  differences 
of  interspaces  between  the  rows.  Unfortunately,  nothing  very  closely  approaching 
ideal  straightness  of  rows  or  equality  of  width  between  them  can  be  detected  in  the 
South,  even  in  such  fields  as  are  said  to  be  **  planted  perfectly  true."  In  the  more 
evenly  disposed  cotton,  stiff  fork  apparatus,  made  light  and  shorter,  to  supply  only 
four  rows  at  each  drive,  and  hung  loosely  upon  hooks  instead  of  eyes,  without  the 
ratchet  lever  elevator,  and  capable  of  being  easily  slid  by  hand  to  the  left  or  right, 
as  infringement  on  row  crooks  firom  time  to  time  required,  proved  susceptible  of  use 
with  due -watchfulness ;  but  the  eight-row  machine  was  too  heavy  to  be  thus  shifted 
by  hand,  and  being  stiff-backed  with  rigid  descending  pipes,  no  eight  consecutive 
rows  could  be  found  regular  enough  to  be  callipered  for  much  distance  by  this  device. 
The  inflexibility  also  prevented  couformability  of  the  apparatus  to  inequalities  of  the 
ground,  an  elevation  straining  hard  on  one  descending  pipe,  lifting  the  others  from 
the  ground,  &c.,  and  the  light,  flexile,  Jointed  nozzle-arms,  being  borne  upon  severely 
by  the  stiff  pipe  system,  soon  became  impaired,  whereas  they  had  formerly  and  have 
since  worked  well  on  the  yielding  stem-pipes  of  the  a^jnstable  machines  which  were 
tested  at  the  time  of  the  Atlanta  exposition,  as  well  as  in  these  last  experiments. 
For  under-spraying,  this  old-fashioned,  stiff,  cross-pipe  system  is  shown  to  be  wrong, 
as  originally  foreseen,  unless  some  power  can  be  brought  to  bear  to  enforce  a  sjrstem 
of  greater  straig:htne88  and  equality  in  planting  cotton.  A  considerable  amount  of 
the  irregularity  in  rows  has  been  attributed  to  the  **  constitutional  perversity  and 
crookedness  of  the  nigger,''  appearing  from  the  bad  execution  of  his  instructions. 
But  even  if  this  could  be  corrected  it  is  not  the  matter  of  vital  importance,  for  the 
planter  himself,  as  well  as  the  field-hand,  is  gaided  by  a  natural  principle  which  will 
always  control  and  stand  against  any  contrary  theoretical  or  mechanical  rule.  Ao- 
oordiDg  to  "  the  strength  of  t\\e  ground,"  the  size  of  plant  it  will  produce,  will  the 
lows  run  wider  or  narxowet  Vn.  an^  ^«.t\ar.\3\«k  ^'^  ^\sX»"  or  \>art  of  a  "  cut.  *'    This 
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accoapts  for  the  diverging  and  meandering  rows,  for  the  many  "  cuts  "  of  a  planta- 
tion differing  among  each  other  in  their  row-widths  as  observed  everywhere. 

Ab  to  conveyances  for  underspraying  apparatuses,  it  was  fonnd  not  desirable  to 
use  a  wagon  or  cart  of  ordinary  width  (5  feet)  in  cotton  only  3  feet  wide  or  less,  be- 
cause of  uie  great  in,iury  done  to  the  plants  by  the  wheels.  Most  of  the  cotton  in  tho 
Carolinas,  Georgia,  Tennessee,  Alabama,  and  Mississippi  comes  within  these  dimeii- 
sions ;  hence  a  shorter  special  axle  for  the  cart  or  wagon  wheels  should  generally  be 
employed  in  any  conveyance  for  the  apparatus.  But  where  severely  threatened  by 
worms  the  ordinary  wagon  or  cart  will  do  less  damage  than  the  pest  in  any  kind  cif 
cotton ;  and  it  is  on  thlB  account  that  wagons  are  already  used  to  a  considerable  ex- 
tent for  transporting  poison  and  broadcast  spraying  devices  in  all  kinds  of  fields. 
Mr.  A.  T.  Jones,  near  Selma^  uses  four  mules  on  his  heavy  spraying  machine.  But 
ordinarily  the  common  plantation  cart  will  be  found  the  most  suitable  vehicle.  This 
or  the  lumber  wagon  will  straddle  rows  4  feet  apart  or  over  without  injury  to  the 
plauts  except  in  turning,  and  that  is  surprisingly  small,  being  least  with  the  cart. 
With  shafts  placed  in  the  usual  position  the  mule  must  travel  on  a  row  to  have  the 
two  Wheels  straddle  it  properly,  and  this  is  not  practical.  I  obviated  the  obiection 
by  a  pair  of  rough  diafts  set  to  one  side,  one  shaft  coming  from  the  center  of  tne  cart 
and  tne  other  standing  outside  of  the  wheel ;  thus  the  mule  is  held  nearly  in  front  of 
one  wheel  and  midway  between  a  pair  of  rows.  In  practice  it  is  shown  that  tho 
slight  side-draft  caused  by  this  arrangement  amounts  to  almost  nothing.  And  it- 
should  be  remembered  that  it  is  common  in  the  North  to  use  side  shafts  on  sleighs^ 
buggies,  &c.  The  apparatus  is  easily  pulled  by  one  mule,  which  should  travel  pref- 
erably in  front  of  the  right  wheel. 

The  personal  labor  required  is  such  that  the  pumper  may  also  drive  and  keep 
an  eye  on  the  machine  behind.  It  is  most  convenient  when  the  stirrer,  pump,  and 
barrel  are  placed  near  the  left  side  of  the  cart,  with  the  lever  or  pump-handle  stand- 
ing crosswise.  The  operator  then  only  looks  to  the  right  and  the  left,  instead  of  hav- 
ing to  look  backward.  The  mule,  accustomed  to  working  in  cotton,  follows  between 
the  rows  as  a  rule  without  being  gnided,  and  the  pumper  is  free  to  turn  him  at  the 
ends.  In  this  manner  one  man  can  use  the  apparatus  alone  without  working  any 
harder  than  he  should.  Still,  it  is  generally  preferable  to  have  a  boy  attendant  to  as- 
sist at  times,  and  where  a  larger  pump  with  a  very  wide  system  of  pipes  to  supply  a 
large  namber  of  rows  is  engaged  it  will  be  well  to  have  two  men,  to  take  turns  at 
pumping  in  oases  where  a  pump  motor  is  not  provided.  With  such  labor,  the  adjust- 
able a DOer-spraying  machines  which  I  have  devisea  and  shall  notice  below  were  oper- 
ated, the  best  hand  being  a  mulatto  who  worked  for  50  cents  a  day,  which  is  a  com- 
mon price  for  cotton-field  hands.  Thus  the  labor  cost  is  small,  and  one  or  two  men 
with  a  machine  can  do  much  more  and  better  spraying  than  a  large  gang  does  by 
ordinary  methods. 

The  rapidity  dei>ends  altogether  on  the  width  of  the  pipe-system,  or  number  and 
width  of  rows  supplied,  or  the  sizeof  the  cotton,  of  the  nozzle-discharges  and  of  the 
pomp,  on  the  velocity  or  pressure  applied,  and  on  the  speed  of  the  mnle.  It  may 
vary  with  any  one  of  these  details.  I  had  only  one  pump,  this  very  small,  and  could 
not  try  the  effects  of  different  sizes.  There  was  not  mach  diversity  in  the  cotton  and 
it  was  below  medium  size.  At  Selma,  I  labored  under  diffloulties  froin  bad  workman- 
ship, from  lack  of  available  mechanics  for  constructing  the  devices,  on  which  account 
there  were  bad  joints  in  the  apparatuses,  which  leaked  some,  and  which  would  loosen 
and  at  times  come  apart  when  high  pressure  was  applied,  thus  causing  stoppages  iu 
the  work.  Under  the  circumstances  the  question  of  time  and  scope  could  not  be* 
veiy  satisfactorily  tested ;  but  as  to  the  very  fi.ne  small  sprays  for  small  cotton  the^ 
following  conclusions  result  from  this  experience : 

Taking  nearly  average  sized  cotton,  and  the  parts  of  the  apparatus  of  medium, 
capacity,  an  acre  and  a  half  was  poisoned  in  one-half  an  hour,  24  feet  wide  being 
poisoned  at  a  single  drive,  and  the  rows  were  quite  short.  Twioe  this  rapidity  c&m 
be  attained. 

The  quantity  of  liquid  and  poison  used  also  depends  on  the  various  conditions, 
stated  as  determining  the  rapidity.  The  amount  of  liquid  to  the  acre,  as  near  as 
could  be  estimated  under  the  circumstances,  ranged  from  10  to  40  gallons,  according- 
to  the  size  of  the  spray-discharge  an4  of  the  cotton.  The  quantity  of  poison  is  iUi 
direct  proportion  thereto,  being  one-eighth  to  one-half  a  pound  of  London  purple, 
or  one-fourth  to  four-fourths  of  a  pound  of  Paris  green  to  the  acre. 

The  stirrer-pump  device  is  a  most  perfect  thing  for  the  purpose  and  gave  the- 
greatest  satisfaction.  This  contrivance  is  described  and  illustrated  in  the  annual 
report  for  I881--'82  (PI.  IX,  pp.  159-161).  The  pump  has  heavy  metallic  valves,  and 
its  piston-head  has  no  soft  packing,  so  there  is  nothing  about  it  that  can  get  out  of 
order.  Yam  packing  is  used  in  the  stuffing-box  at  its  top.  Being  double  acting  it 
throws  a  strong  and  constant  stream.  Only  one  trunnion-eye  need  be  moved,  and  a 
a  single  iron  wedge,  instead  of  two,  is  sufficient  for  setting  it.  The  wedge  has  on  its 
head  a  catch  whereby  it  is  easily  pried  out,  and  an  eye  by  which  it  is  QbLaA\i^  i^dK^^ 
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»to  prevent  loaiug  it.  In  place  of  the  wooden  Htirrer  bar  formerly  employed  I  have 
made  an  iron  one  having  a  spring  at  the  middle  1o  clamp  snugly  in  the  eye  at  the 
bottom  of  the  pump.  This  will  not  weaken  with  age  or  break.  The  cord  or  chain 
for  pulling  out  the  bar  is  not  essential,  as  by  having  the  end  bung-hole  of  2  inches 
-diameter  a  pair  of  tongs  or  pinchers  can  be  inserted  to  take  hold  of  the  end  of  the 
stirrer  and  extract  it.  The  main  hose  or  pipe  has  a  screw  union,  by  which  it  1b 
easily  separable  from  the  pump. 

The  descending  pipes  between  the  rows  should  have  flexion  and  torsion  in  their 
Joints  or  segments  or  hangings.  The  ground  beneath  the  cotton-rowsis  highly  ridged^ 
and  the  mid-fuiTow  between  each  pair  of  rows  is  deep.  The  ground  thus  formed 
■operates  upon  the  lower  parts  of  each  descending  pipe  or  it«  appurtenances,  when 
.suitably  shaped,  so  as  automatically  to  guide  the  pipe  and  its  nozzles  between  the 
irows,  and  to  follow  any  crooks  therein  even  when  the  conveyance  is  not  driven  in 
•conformity  with  such  irregularities.  This  automatical  adjusting  is  allowed  to  a  large 
extent,  even  when  the  top  of  the  descending  pipe  is  flrmly  or  non- adjustably  attache^ 
provided  that  the  descending  pipe  be  flexile  in  some  part  of  its  course.  This  was 
shown  in  the  earlier  flexile  forked  machines  which  were  tested  for  this  Department 
near  the  Atlanta  exposition.  For  the  object  in  question  the  descending  pipe  may  be 
flexile  throughout,  but  it  is  more  commonly  preferable  to  construct  this  pipe  of  stiff 
segments  having  one  or  two  flexile  joints,  or  very  short  hose  segments ;  one  at  its 
top,  and  another  at  about  two«thirds  or  one-half  of  the  way  downward  therefrom. 
It  is  also  generally  best  to  make  these  flexile  segments  or  joints  of  three-ply  or  two- 
ply  hose,  and  only  of  such  length  as  to  allow  them  to  bend  like  knee-joints,  and  to. 
suffer  a  semi-rotation  or  semi -torsion.  This  construction  prevents  the  trailing-fork  or 
other  end  part  from  getting  turned  upside  down,  or  from  remaining  in  wrong' attitude 
■after  dragging  among  or  over  the  plants  in  turning,  and  It  always  tends  to  spring  or 
throw  the  nozzles  back  to  such  positions  that  they  deliver  a  properly-directeKl  spray 
into  the  plants.  Where  torsion  without  bending  is  desired  in  these  flexile  places  a 
rod  extiCuding  through  the  interior  may  be  employed  somewhat  as  described  for  cross- 
pipes  and  nozzle-arms  in  the  special  report  of  the  United  States  Entomological  Com- 
mission that  has  been  prepared.  The  arrangements  and  constructions  referred  to  have 
been  carefully  tested  this  season  to  corroborate  the  results  of  previous  experience. 
The  principle  involved  is  simple  and  practical  in  its  operation,  having  been  tested  at 
Atlanta,  and  again  this  year  at  Selma,  Ala. 

The  flexile  nozzle-arms  of  the  Y'^haped  trailing  forks,  which  were  originally  de- 
signed with  the  flexile  stems  worked  satisfactorily  thus  attached ;  but  when  these  fork- 
Arms  were  tested  on  a  stiffly  hung  pipe,  the  spring- rod  inside  soon  proved  too  weak. 
The  strong  pendant  X-forks  with  curved  or  sloping  side-arms  made  stifl'  proximally, 
and  having  3-p.ly  hose  for  their  distal  half  or  two-thirds,  stood  severe  usage  by  ail 
methods,  since  they  were  made  of  stronger  tubing  and  had  much  stouter  spring-rods 
within.  The  spring-rod  in  each  arm  had  its  distal  end  soldered  in  a  short  piece  of 
tnbo  abutting  against  the  stem  of  the  nozzle.  FcTrks  of  whatever  construction  will 
be  guided  more  by  the  ridges  if  the  arms  extend  in  a  somewhat  upward  direction  be- 
fore becoming  horizontal  at  the  ends  beneath  the  plants,  as  the  median  part  of  the 
fork  can  then  sink  into  the  mid  furrow  irind  be  guided  by  its  sides.  Probably  nothing 
better  than  the  pendant  Y-f(>i'kB  ^^^  T -forks  can  be  devised  for  spraying  upwara 
through  the  center  of  the  plant.  An  additional  pair  of  short  arms  or  of  nozzles  may 
be  used  with  advantage  to  discharge  from  near  the  median  line  in  divergent  direc- 
tion upward  through  the  tops  of  the  plants.  The  simplest  plan  is  to  join  these  or 
the  simple  eddy  chambers  directly  to  the  stem-pipe  or  its  extension,  low  down.  Such 
nozzles  may  be  attached  side  by  side,  or  in  what  I  call  a  tandem  gang.  This  is  a 
^series  of  short  tubes  coupled  end  to  end,  each  bearing  an  eddy-chatober  discharge. 
These  may  be  rotated  on  their  axes  and  so  are  adjustable  to  different  angles.  Those 
who  prefer  to  underspray  the  top  of  the  plant  and  care  less  for  its  base  will  find  the 
tandem  arrangement  by  itself  the  best  device  for  that  purpose  for  throwing  from  the 
.ground,  though  the  forks  answer  as  well  when  elevated,  and  may  also  be  used  be- 
oeath  the  base. 

The  eddy-chamber  nozzles  seem  the  best  sprayers  available  for  applying  the  poi- 
son. These  nozzles  have  been  tested  this  season  with  the  discharge-hole  of  various 
sizes,  from  one-sixty-fourth  to  one-eighth  of  an  inch  diameter.  The  smaller  ori- 
fices give  the  finest  sprays  conceivable.  Indeed,  with  high  pressure,  the  spray  van- 
ishes into  vapor  and  steam  which  does  not  fall,  but  rises  to  seek  the  clonds.  From 
this  the  damp  particles  of  poison  powder  must  separate  and  fall.  But  with  ordinary 
pressure  too  fine  a  spray  is  not  attained. 

With  the  fine  strainer  on  the  suction  end  of  the  pump,  clogging  materials  in  the 
water  are  prevented  from  entering  the  pipe  system  or  the  nozzles.  Additional  smaller 
gauze  strainers  were  attached  to  the  ends  of  the  metal  tubes  in  one  set  of  pipes. 
They  keep  out  dirt,  &c.,  when  the  pipes  are  separated,  but  may  not  prove  of  impor- 
tance. The  proper  method  is  to  have  a  completely  closed  system,  with  folding  joints 
that  never  need  to  be  sepatatied,%othfi  whole  can  be  folded  into  a  small  compact  pack- 
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age  for  trmnsporta i  ion  by  rail  or  to  t he  field.  Sach  a  system  bas  gi  v- en  gn^a t  sat  isfact  ion 
by  ita  convenience.  ;is  treil  as  by  allowing  no  obstacles  to  enter  the  nozzles.  In  spite* 
of  the  most  perfect  precautions  cioggicg  will  occur  at  the  outset  or  before  high  pre«s- 
ure  is  attained,  chiedy  from  the  scale:*  of  iron  separating  from  the  interior  of  the 
pipe  as  loosened  by  rusting  and  jarring.  With  the  finest  nozzles  ^one  sisty-fourtb 
inch  discharge )  these  seem  to  cause  no  more  ditficulry  than  with  a  standard  beveled 
one-sixteenth  inch  discharge.  The  nozzle  laces  may  be  removed  to  let  out  any  ob- 
stacles which  with  low  pre:ssnre  are  apt  to  clog  the  outlet  and  stop  the  internal  rota- 
tion. But  a  high  pressure  should  always  be  used,  and  when  this  is  once  up  the 
outlet  may  be  pricked  with  a  pin,  and  it  will  discharge  with  an  almost  explosive  force« 
instantly  start lug  an  inconceivably  rapid  internal  rotation,  which,  while  sustained 
with  due  pressure,  will  by  its  centrilugal  action  prevent  any  particle  from  again 
finding  the  center  of  rotation  from  ivhich  the  discharge  takes  place.  This  is  espe- 
cially true  of  the  smallest  nozzles,  having  an  outlet  just  large  enough  to  admit  the 
insertion  of  a  x»in.  As  previously  set  forth,  the  inner  edge  of  the  outlet  should  gen- 
erally be  square  or  5har]».  In  the  eddy  chamber  a  great  hydraulic  pressure  is  gen- 
erated, so  great  that  by  thumb  pressure  the  discharge  cannot  be  stopped.  The  power 
therein  accumulated  under  high  pressure  is  sufficient  to  cut  through  and  disintegrate 
any  obstructing  particles  or  fragments,  except  those  of  the  hardest  kind,  which  are 
so  heavy  as  to  fly  oti'  from  the  cenier  by  their  weight  and  momentum  when  the  ve- 
locity of  rotation  is  once  ftp  or  quickly  starts. 

The  top  adjustments  of  the  descending  pipes  are  very  important.  These  top& 
may  be  variously  hung,  combined,  or  constructe<l.  A  knowletlge  of  the  irregulari- 
ties of  ordinary  cotton  fields,  sach  as  appear  chiefly  in  crooks  of  the  n^ws  and  in  va- 
riations of  width  Ijetween  them,  prevents  the  idea  of  a  stifi',  nnadjustable  attachment 
of  the  tops  of  the  i»ipe«.  which  must  travel  between  and  more  or  less  against  the 
rows.  Conformity  to  all  inequalities  of  the  ground,  its  numerous  ups  and  downs,  \t» 
dead  furrows,  ditches,  stones,  and  stumps,  should  likewise  be  attained.  It  must  also 
be  evident  that  a  large,  stifi'  a]>paratus  is  dithcult  to  haulabout,  as  it  cannot  be  taken 
entire  through  gates  except  with  much  labor.  Of  course  it  is  possible  to  disjoint 
the  parts  beforehand,  and  then  screw  them  together  tight  afterwanls  when  the 
field  is  reached.  This,  however,  is  hardly  practicable.  In  fact  the  separating  and 
joining  of  stiff  metal  joints  by  field  hands  is  a  failure.  Plumbers  tools  are  necessary 
for  this  purpose.  The  field  laborer  of  the  South  screws  up  the  joint  too  tight,  too 
loose,  or  in  such  form  as  to  siH>il  the  screw-threads.  Again,  the  joints  become  rusted 
together  and  a  vise  must  be  engaged.  The  stiff  system  also  requires  that  very  heavy 
pipe  be  used,  as  the  leverage  on  long  pipe  arms  enables  them  to  snfier  great  strain^ 
to  become  broken  ofi  easily  at  the  end  where  the  thread  for  the  j  »int  is  cut,  wherea» 
with  flexile  joints  no  leverage  ]>ower,  but  only  teii#t7e  strain  can  be  brought  to  bear. 
In  the  latter  case  very  light  tubing  can  be  employed  with  economy  in  material,  cost,, 
labor,  and  salvage  of  cotton.  Moreover,  only  by  such  light  flexile  apparatus  can  any 
considerable  number  of  rows  be  treatcid  at  once  from  beneath.  These  facts  have 
been  substantiated  by  tests  of  stifiT  and  of  flexile  apparatus  this  season  more  fully 
than  they  were  by  the  Atlanta  tests,  in  which  one  light  machine  undersprayed 
eighteen  rows  of  cotton,  a  strip  20  yards  wide,  at  a  single  drive.  The  tests  this  year 
have  been  not  only  of  stiff'  connections,  but  also  of  the  constructions  whereby  ac\ju8t- 
ability  of  the  descending  pipes  is  efiected  aatomatically  and  by  hand.  These  have 
already  been  noticed  above  or  in  the  previous  reports  in  so  far  as  they  pertain  to  the 
stem  or  body  of  the  pipe  or  its  distal  appendages ;  hence,  next  in  order  may  be  con- 
sidered more  specifically  and  in  natural  sequence  the  construction  and  arrangements 
of  the  tops  of  these  pipes  as  planned  and  tested  by  me : 

I.  The  stiff  hanging  tubes  have  been  tried,  as  already  set  forth,  in  firm  nnion  with 
a  stiff  back- pipe  or  cross-pipe  such  as  appears  in  many  of  the  patented  sprayers,  as- 
Johnson's,  Daughtrey's,  &c.,  while  sufficient  objections  to  this  arrangement  for  nn- 
dersprayiog  have  already  been  presented.  It  is  the  first  construction  which  natu- 
rally suggests  itself  to  any  plumber  or  other  mechanic,  but  presents  no  s})ecial  adap- 
tation for  the  purpose,  as  has  been  shown  this  season  and  previously. 

II.  The  extremest  opposite  construction  to  the  foregoing  is  attained  by  having; 
radiating  flexile  tubes  from  the  main  to  the  descending  pipes,  instead  of  a  straight 
and  stifi'  cross-pipe.  By  this  arrangement  the  hanging  pipes  are  swung  apart  or 
nearer  together  independently,  and  set  on  a  cross-bar  or  on  dlYerging  bars,  at  spaces- 
to  suit  rows  having  different  courses  or  widths. 

By  way  of  variation  the  tubes  may  radiate  only  for  a  part  of  the  distance,  and  for 
a  space  run  close  beside  each  other  along  a  supporting  bar  before  reaching  the  de> 
scending  parts.  The  parts  upon  the  support  are  preferably  of  metal,  and  slide  readily 
in  peculiarly  locked  hooks,  as  simple,  easily  separable  attachments,  specially  devised 
for  this  purpose.  Where  the  descending  parts  have  flexibility  to  some  extent  they 
may  drag  in  the  cotton  in  turning,. as  stated  above.  It  is  shown  that  they  thus  do  no 
noteworthy  harm  to  the  plants ;  also  that  they  themselves  do  not  suffer  injury.  This 
flexile  construction  is  simple,  and  generally  preferable  in  combination  with  the 
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flexile  connectives  between  their  tops.  But  should  any  prefer  that  the  hanging 
parts  be  elevated  above  the  plants  in  tnrning,  this  is  easily  done.  For  such  purpose, 
and  to  shorten  the  leverage  in  lifting,  the  descending  part  should  preferably  have  a 
flexile  joint  just  below  midway,  to  bend  like  a  knee  when  the  lift  is  made.  The  ap- 
per  half  of  the  descending  pipe  is  rigidly  continuous  with  the  stiff  parallel  part,  form- 
ing therewith  a  bent  angle,  while  the  proximal  end  of  the  parallel  part  is  turned 
backward  as  a  hollow  tubular  crank,  having  its  handle-end  communicating  witb  one 
of  the  radiating  or  slack  hose  pipes,  which  allow  the  stiff  parts  to  be  shifted  laterally. 
By  swinging  the  backward  crank-shaped  part  of  the  pipe  over  to  a  forward  pi^ition, 
into  a  catch,  the  hanging  parts  of  the  pipe  are  swung  upward  above  the  plants  and 
sustained  there.  This  season  two,  three,  and  four  of  these  crank-ended  pipes  were 
tried,  combined  with  the  same  bar.  When  the  horizontal  part  of  such  a  pipe  is  short 
or  not  too  heavy  it  will  be  shifted  laterally  automatically  by  the  trailing  part  by  the 
method  already  noticed  ;  but  where  the  pipe  is  too  heavy  or  rough  to  slide  easily  the 
hand  of  the  pumper  must  occasionally  be  used  upon  the  proximal  or  crank  end  to 
shove  the  pipe  into  such  position  as  will  suitably  adjust  the  nozzles  to  the  rows. 

In  the  divergent  arrangements  thus  indicated  the  shifting  or  lateral  adjustability 
is  permitted  by  opening  or  shutting  the  angles  between  the  diverging  tubes,  and  this 
is,  in  its  operation,  in  some  sense,  analogous  to  taking  out  and  letting  out  slack  in  the 
«onnectin^  parts  between  the  nozzles.  By  a  surplus  amount  of  inflection  or  slack,  by 
Joint  or  other  flexibility,  in  a  tube  or  tubes  connecting  the  tops  of  any  two  neighbor- 
ing pipes,  whether  right,  left,  or  mesial,  in  a  system,  the  two  can  be  separated,  ap- 
proximated, or  independently  adjusted  to  the  extent  desired.  By  this  method  the 
stiff  pieces  sliding  on  the  bar  and  supporting  the  pipe-tops  can  be  short,  light,  and  ar- 
ranged somewhat  end  to  end,  joined  in  tandem  order,  withictermediato  flexile  crooks 
that  may  be  extended  or  shortened  as  operated  by  the  automatic  action  of  the  trailing 
1t)ranch.  These  tandem  gangs  of  light,  sliding  segments  for  supporting  or  supplying 
the  tops  of  the  pipes,  have  stood  a  satisfactory  test  in  the  cotton  this  season. 

Such  parts  may  also  be  arranged  on  bars  having  a  slope  backward  or  downward, 
-as  on  the  A-frames,  or  other  kinds  of  frames,  or  they  can  be  set  in  a  somewhat  zigzag 
manner  on  a  cross-bar.  This  use  of  a  slope  gives  certain  advantages,  and  character- 
izes some  varieties  of  apparatus  closely  related  to  that  just  noticed.  In  these,  the 
pulling  of  the  downward  pipe,  by  it«  gravitation  or  friction,  causes  its  top  piece, 
which  has  an  inclination  to  slide  on  the  slope,  to  travel  in  a  diagonal  direction  along 
on  the  support  and  across  the  rows ;  but  working  in  opposition  thereto  is  a  pull-line 
or  cord  haviug  one  end  on  a  winder  near  the  hand  of  the  pumper.  Letting  ont  the 
line  allows  the  pipe  to  travel  farther  along  the  slope,  and  winding  it  up  draws  the 
pipe  in  the  opposite  direction.  Thus  any  pipe  at  a  distance  can  be  easily  shifted  and 
set  at  a  point  to  suit  by  letting  out  or  drawing  tlie  line.  This  principle  I  have  exe- 
cuted in  three  ways  :  In  the  first,  the  supply  tube  supports  the  hung-pipe  and  slides 
in  eyes  situated  diagonally'  with  reference  to  the  hung-pipe.  In  the  second,  the  pipe- 
top  is  supplied  by  a  flexile  piece  of  hose,  and  is  supported  by  a  long  slide-rod  on  one 
or  two  of  its  sides,  and  inserted  through  loose  eyes  placed  diagonally  from  the  course 
of  traction,  as  in  the  foregoing  case.  In  the  third  instance,  the  top  is  similarly  sup- 
plied by  a  hose,  but  is  hung  by  a  peculiar  locked  hook,  eye,  or  loop  which  glides  loosely 
on  a  stiffly-set  diagonal  bar.  The  simple  wooden  /^'tr&me  answers,  and  a  series  of 
small  sloping  metal  bars  of  gas-pipe  were  arranged  on  a  wooden  cross-bar.  This  de- 
vice worked  well.  Many  kinds  of  winders  would  apply,  but  a  simple  plan  is  to  wind 
the  8mall  rope  or  cord  around  a  pair  of  large  eye-screws  placed  3  inches  apart.  The 
set  line  can  be  attached  at  any  point  along  the  sliding  parts.  Behind  the  proximal 
end  of  the  range,  through  which  any  pipe-top  is  to  be  allowed  to  slide,  the  line  may 
pass  through  a  large  screw-eye  and  thence  to  an  extension  of  the  pipe-top  above  the 
axis  on  which  it  is  hung.  Then  the  pipe  may  bo  drawn  to  this  place,  and  by  an  extra 
pull  its  top  will  be  brought  down  to  the  eye  and  the  lower  parts  of  the  pipe  will  be 
tilted  upward  above  the  plants  for  turning,  when  this  feature  is  desired.     •     •     • 

The  leading  conclusions  from  the  experiments  upon  the  special  points  in  my  in- 
etructions  may  be  extracted  from  the  above  and  briefly  summarized  as  follows : 

At  Selma,  I  operated  th&  machine  taken  from  the  Department  and  tested  the 
])oint8  in  question,  so  far  as  circumstances  permitted.  The  distinctive  feature  of  the 
iimchine,  its  stiff  supporting  pipes,  unfitted  it  for  the  work  to  be  accomplished.  As 
fields  could  not  be  found  having  rows  practically  of  the  same  regular  width  as  the 
61)acevsat  which  the  downward  pipes  were  held  still'  by  their  supporting  pipe,  that 
permitted  no  independent  lateral  adjustment  of  the  tops  of  the  banking  pipes  with 
reference  to  each  other  or  to  the  rows  having  different  or  varying  widths,  this  vital 
impediment  at  the  outset  frustrated  its  use  and  the  obtainmcnt  of  results  dei>endent 
thtreon.  The  tests  showed  that  with  a  pipe-system,  without  lateral  adjustability  at 
the  top,  very  few  rows,  usually  not  more  than  four,  can  be  treated  at  once.  In  this 
small  form  the  whole  pipe  system  can  occasionally  be  moved  laterally  by  hand  as  the 
row  irregularities  require  it. 

The  forks  were  operated  dragging  upon  the  ground,  and  also  set   at  different 
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heigh ta.  The  ratchet  for  vertical  adjastment  subserved  this  purpose  satisfactorily. 
Where  it  is  desired  to  spray  the  base  and  interior  of  the  plants  from  beneath,  the 
nozzle  arms  must  necessarily  be  carried  near  or  on  the  ground,  and  with  medium  to 
small  cotton  this  method  also  sprays  the  top  sufficiently  well,  but  if  the  growth  be 
heavy  and  dense  it  proves  better  to  set  the  forks  higher  for  more  thoroughly  poison- 
ing the  tops. 

The  stirrer  pump  worked  admirably ;  bnt  a  larger  pump  of  the  same  kind  was 
necessary  to  treat  a  greater  number  of  rows,  to  ascertain  how  large  a  number  it  is 
possible  or  advisable  to  spray  at  a  time.  While  the  large  pump  was  being  con- 
structed and  shipped  the  time  limited  by  my  orders  expii*ed. 

Four  rows  may  be  set  as  the  number  it  is  most  practical  to  treat  at  a  time  with 
the  kind  of  machine  in  question. 

The  springs  of  the  fork-arms  should  be  larger  and  have  a  longer  bend  than  in 
the  samples  taken,  since  the  unyielding  attachment  of  the  stem-pipes  to  the  stiff  sup- 
porting pipe  above  throws  en  the  springs  much  greater  strain  than  occurs  in  the 
machines  having  descending  parts  huug  to  operate  independently  of  each  other. 

Until  my  time  had  expired  worms  were  not  abundant  enough  to  study  the  effects 
on  them  of  the  coarser  and  finer  sprays  applied,  but  the  coarser  spray  was  more  in- 
jurious to  tho  foliage  with  poisons,  and  still  more  so  with  petroleum. 

The  standard  form  of  eddy-chamber  nozzle  was  used  with  discharges  of  different 
sizes.  The  smallest  discharge  holes,  of  A  to  -j^  of  an  inch  diameter,  with  very  high 
pressure,  gave  the  most  satisfactory  results. 

The  '*  actual  cost,  and  the  actual  areajcovered  by  a  given  amount  of  liquid,"  vary 
greatly  with  the  width  between  the  rows,  the  sizes  of  the  sprays  and  of  the  plants, 
with  the  number  of  nozzles,  with  the  amount  of  pressure  applied  and  the  volume 
capacity  of  the  pump,  the  velocity  at  which  the  machine  is  drawn,  &c.  On  account 
of  the  complexity  of  the  question,  and  especially  because  of  leakage  from  imperfect 
pipe-Joint«  and  for  want  of  other  and  larger  apparatus,  the  question  could  not  be 
solved  with  any  exactness. 

Note  57  (p.  3*26). — The  text  of  this  editorial  has  been  given  on  p.  37,  where  it  is 
also  shown  that  Mr.  Stelle's  claim  is  unwarranted.  We  have  thought  it  of  sufficient 
historical  interest  to  show  upon  what  the  claim  was  based,  and  the  following  passages, 
copied  verbatim  from  a  report  made  by  him  while  employed  by  the  commission,  fn 
accordance  with  instructions  to  prepare  an  account  of  the  past  history  of  the  insect, 
is  of  interest  in  this  connection.  The  full  report  is  not  published,  because  it  is  little 
more  than  a  compilation  from  the  Department  report  for  1879 — often  word  for  word : 

**  In  June  of  1872,  the  National  Agricultural  Congress  was  organized  at  Saint  Louis, 
Mo.,  and  I^of.  C.  V.  Riley,  who  was  present  and  took  part  in  the  organization,  de- 
livered before  the  body  a  lecture  on  economic  entomology.  Allusion  to  the  cotton 
worm  was  made  in  the  course  of  the  lecture,  which  lead  General  William  H.  Jackson, 
of  Nashville,  Tenn.,  and  Dr.  J.  O.  Wharton,  of  Ferry,  Miss.,  to  ask  for  the  suggestion 
of  a  remedy.  In  response,  Professor  Riley  gave  it  as  his  opinion  that  Paris  green,  so 
effectual  as  a  remedy  against  the  Colorado  pot.ato  beetle,  would,  in  all  probability, 
prove  equally  effectual  as  a  remedy  against  the  cotton  worm.  This,  so  far  as  I  have 
been  able  to  learn,  (and  I  have  worked  the  matter  up  with  great  care),  was  the  first 
hint  ever  thrown  to  the  public  in  that  direction ;  and  there  is  no  risk  inasserting  that 
the  day  in  which  the  hint  was  thrown  out  marked  the  beginning  of  one  of  the  most 
important  periods  in  the  history  of  the  cotton  worm  up  to  the  present  time:  the 
period  of  successfully  combating  it  with  poiwons;  in  a  word,  the  period  of  first  effect- 
ually combating  it  in  any  way  to  an  entire  saving  of  the  crop. 

"Later  in  the  same  reason,  (Ist  August),  the  writer  of  this  paper,  who  had  not  then 
heard  of  Professor  Riley's  suggestion,  recommended,  as  agricultural  editor  of  the 
Mobile  BegisieTf  the  use  of  Paris  green  as  a  cotton  worm  destroyer,  and  Capt.  Isaac 
Donavan,  of  Mobile  County,  Alabama,  immediately  applied  it,  in  obedience  to  the 
recommendation,  with  great  success.  This  is  the  earliest  application  of  Paris  green 
to  the  cotton  plant  that  I  have  been  able  to  trace  to  date.'' 

**  In  May  of  the  next  year  (1873),  the  National  Agricultural  Congress  assembled  at 
Indianapolis,  Ind.,  where  Professor  Riley  again  addressed  the  meeting,  referring  at 
length  to  Paris  green  as  an  insecticide,  and  unhesitatingly  recommending  it  as  a 
remedy  against  the  cotton  worm.  His  address  was  widely  published  \hrough  the 
papers,  especially  in  the  South,  and  thereupon  hundreds  of  planters  went  at  once  to 
applying  the  poison,  meeting  with  good  success  in  every  case  where  the  directions 
given  by  Professor  Riley  were  faithfully  followed." 

With  regard  to  the  second  paragraph  which  we  have  just  quoted  truth  requires 
us  to  state  that  the  Angust  (1872)  article  in  the  Mobile  Register  (see  p.  ^7)  did  not 
appear  in  the  agricultural  department  of  that  paper  but  in  the  regular  editorial 
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columns,  bo  that  there  is  nothing  to  show  that  it  was  written  by  Mr.  Stelle  beyond  bia 
snbeeqnent  statement.  Moreover,  the  article  in  question  does  not  contain  a  "recom- 
mendation^' of  the  use  of  Paris  green,  but  simply  a  statement  that  it  was  being  exper- 
imented with  at  that  time.  No  other  similar  article  was  published  at  that  time  in  the 
agricultural  columns,  or  in  any  other  part  of  the  Mobile  Regiaier. 

NOTB  58  (p.  350).  Anomis  texana,  n.  sp. — ^Average  expanse  35™°^.  Posterior  bor- 
ders of  primaries  not  quite  so  angnlated  as  in  eroBa,  but  intermediate  between  this 
species  and  xylina.  Geueral  color  of  primaries  fnlvous-gray,  ranging  from  pale  falv- 
ous-gray  to  deep  vinous-brown.  The  ordinary  lines  are  quite  well  marked,  though 
variable  in  intensity,  and  of  a  darker  brown,  faintly  relieved  by  pale  cinereous.  In 
the  commonest  specimens  there  is  a  dusky  patch  in  the  basal  region,  and  the  basal 
line  runs  in  three  distinct  undulations  somewhat  obliquely  across  the  basal  third  of 
wing.  The  median  line  runs  from  about  the  middle,  or  a  little  outside  the  middle,  of 
the  inner  border,  either  almost  straight  or  outwardly  obliquing,  and  then  with  a  sad- 
den inward  notch  till  it  reaches  the  median  vein ;  it  then  rans  along  vein  2  to  a  little 
beyond  the  reniform  spot,  and  thence  in  a  spreading,  VV-shaped  line  to  costa,  which  it 
reaches  about  the  outer  third  by  a  more  or  less  decided  inward  curve.  The  posterior 
line  begins  at  the  anal  angle  and  runs  to  vein  2,  so  as  to  make  a  more  or  less  distinct 
continuation  of  the  median  line,  and  then  forks  in  an  irregular,  undulating  manner  to 
tlie  costa,  running  parallel  with  the  posterior  border.  The  orbicular  consists  of  an 
extremely  minute  white  speck  upon  a  slightly  deeper  shade;  the  reniform  is  larf^ 
and  well  defined,  and  either  much  darker  than  the  brown  color  or  pure  white  with  a 
fJEunt  line  of  a  darker  color  near  the  inner  border.  Head  and  thorax  partake  of  the 
general  color  of  primaries,  as  also  palpi  and  antennsd  above.  Secondaries  and  abdo- 
men above  rather  dull  ashy-brown.  Under  surfaces  of  primaries  dull  grayish,  slightly 
-  nacreous,  with  the  borders  pale  buff.  Along  the  costa  this  pale  region  is  suffused 
with  lilaceous,  and  along  the  posterior  border  it  is  limited  by  the  transverse  posterior 
line,  and  has  a  dark  brown  shade  running  from  the  apex  to  the  angle  in  the  middle  of 
posterior  border.  The  median  line,  in  its  costal  portion,  is  generally  marked  by  a 
somewhat  S-sl^&P^  dark  line,  well  relieved  posteriorly  by  the  buff  color. 

Under  surfaces  of  secondaries  pulvemlent-lilaceous,  with  pale  buff  shade  on  the 
inner  third,  and  with  a  discal  spot  and  two  well-marked  transverse,  slightly  undulate, 
lines  on  the  outer  third  and  parallel  with  the  posterior  border.  Described  from  5  ^'s, 
6  $V 

Of  course  it  is  impossible  to  decide,  from  HUbner's  description,  just  what  Aiiomi 
exctcia  is,  but  a  caTeful  study  of  his  figures  shows  it  to  be  a  smaller  species  and  much 
more  ferruginous,  with  a  paler  reniform,  and  the  lines  somewhat  differently  arranged ; 
also  with  the  primaries  less  angular. 

Note  59  (p.  353).  Drasteria  erechtea.  ^^.— Nearly  globular  in  form,  slightly 
flattened  at  point  of  attachment.  Apex  with  roundish  facets;  sides  rather  coarsely 
longitudinally  ribbed.  The  alternate  ribs  rather  shorter  than  the  others,  as  in  the 
egg  of  Aletia.  General  color  grayish-green,  with  irregular  grayish-brown  markiugs; 
the  facetted  apex  always  grayish-brown. 

Pupa. — ^Abont  18"™  (three-fourths  of  an  inch)  in  length.  Head,  thorax  and  appen- 
dages dark  brown,  abdomen  light  brown;  the  incisures  between  the  joints  deep,  and 
of  a  yellowish-brown  color.  Whole  surface  of  the  body  somewhat  pminose.  Tip  of 
the  body  bluntly  rounded  and  furnished  with  eight  slender  and  moderately  long 
booklets. 

Note  60  (p.  358). — ^This  description  is  as  follows: 

"The  insect  I  will  call  Phalaena  ^ea  (corn-moth)  until  it  is  more  correctly  classified. 
It  is  of  a  pale  yellow  or  shining  ash  color — length  of  body  and  wings  one  and  one- 
eighth  of  an  inch,  the  wings  expand  two  inches  horizontal,  the  upj)er  wings  covennc 
the  lower ;  below  the  center  and  near  the  border  of  the  upper  wings,  are  two  dark 
spots;  there  are  some  two  or  three  indistinct  ones  on  eacn  upper  wing,  end  of  the. 
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wing  whitish,  a  wavy  dark  band  near  the  border.    Thorax  slightly  conyez,  downy; 
abdomen  color  of  wings,  downy ;  x)robo8ci8  folded  spirally  nndemeath,  double,  half 
inch  long ;  eyes  large,  clear,  yellowish-green.    Legs  mx,  antennse  fusiform,  palpi  very 
hairy,  flies  only  late  in  the  evening  and  at  night,  ues  concealed  in  the  day  in  Jams  of 
the  fence,  around  stumps  and  in  the  grass  and  weeds,  flies  rapid  and  low." 

KoTB  61  (p.  358). — Heliothia  unibrona.    Grote's  description  is  as  follows: 

''Anterior  wings  yellowish-gray  crossed  b^  several  indistinct  irregular  darker  shaded 
lines.  Disoal  spot  blackish  beyond  which  is  a  row  of  minute  black  dots  one  on  each 
nervule  running  paridlel  with  the  outer  margin  of  the  wing  and  connected  with  each 
other  by  a  faint  waved  line  the  curvatures  turned  inward  toward  the  base  of  the  wing; 
fidnges  dark.  Posterior  wines  yellowish- white  without  markings  except  a  broad 
blackish  band  running  parallel  with  the  outer  margin  and  which  is  partly  interrupted 
near  the  centre  by  a  space  of  a  similar  color  to  the  rest  of  the  wing;  fringes  white. 
Under  snr&ce  of  the  wings  pale  showing  the  black  discal  spot  on  the  anterior  wings 
plainly,  outside  of  which  is  a  blackish  transverse  band  and  a  small  blackish  streak 
near  the  upper  margin.  Under  surface  of  posterior  wings  immaculate  except  a  faint 
blackish  snade  near  the  outer  margin.  Head,  thorax  and  tegulae  yellowish-gray, 
darker  than  the  anterior  wings.  Body  grayish,  clothed  at  the  sides  with  whitish  hairs, 
and  darkening  towards  the  tip.  Exp.  li  inches." — [Proc.  Ent.  Soc.  Phila.,  vol.  1 
(1861-1863),  p.  219. 

NOTB  62  (p.  [64]). — ^We  reproduce  almost  verbatim  the  remarks  on  Mr.  Edes*  mate- 
rial, as  given  in  the  American  Entomologiatf  vol.  iii,  pp.  12&-129: 

[Mr.  Edes  kindly  accompanied  his  communication  with  specimens,  upon  which  we 
will  add  a  few  remarks.  The  worm  that  takes  the  place  of  our  Aletia  is,  both  by  the 
colored  drawing  and  the  specimens  sent,  easily  distinguished  from  Aletia.  The  four 
moths  are  in  poor  condition  and  show  some  variation.  The  species  is  one  of  the 
smallest  of  the  genus  Anomis,  and  between  illita  6n.  and  Htibners  figure  of  exacfa,  of 
which  Professor  Qrote  kindlv  had  a  copy  made  for  us.  In  the  larva  the  front  pair  of 
abdominal  prolegs  is  perfectly  obsolete  and  the  second  pair  of  nearly  the  same  size  as 
the  others.  The  piliferous  spots  are  reddish  without  pale  annnlation.  The  chrysalis 
has  the  oremaster  less  swollen  at  tip,  but  otherwise,  except  in  smaller  size,  is  undis- 
tingaishable. 

'me  egg  is  so  similar  to  that  of  Aletia  that  it  is  doubtful  whether  there  are  any  con- 
stant distinguishing  characters;  the  ribs  in  the  single  specimen  examined  are  some- 
what fewer  m  number  and  consequently  more  marked. 

That  this  is  the  ''Cotton  Worm"  of  Bahia  is  interesting  from  the  fact  that  Aletia 
was  described  by  Hiibner  from  that  place.  If,  as  we  cannot  well  doubt,  Mr.  Qrote 
has  correctly  determined  Htibner's  figure  of  Aletia  to  represent  Say's  Noctua  xylinay  it 
will  also  yet  be  found  there.  There  is  a  possibility,  however,  that  the  figure  has  mis- 
led, and  the  description  of  Hiibner  is  Certainly  of  no  value  as  a  guide. 

The  cotton  bolls  contained  the  following  insects,  which  all  appear  to  have  fed  upon 
the  seeds :  (1)  a  small  Tineid,  badly  robbed  but  distinct  from  the  species  so  abundantly 
found  in  the  United  States  under  similar  conditions,  and  which  is  figured  by  Profes- 
sor Glover  as  possibly  T.  granella,  but  is,  as  Mr.  Chambers  informs  us,  a  new  species 
otLavema.  It  is,  however,  a  different  speqies.  (2)  Several  specimens  of  Hypothe- 
nemu»  eruditus  Westw.  (hispidulus  Lee),  which  has  also  been  found  in  diseased  cotton 
bolls  in  the  United  States  and  on  the  Bahama  Islands,  and  which  also  bores  in  the 
twigs  of  the  dead  plants.  (3)  Two  specimens  of  a  FaratenetuSf  differing  from  the 
allied  North  American  P.  punctatuSf  which  is  found  is  diseased  cotton  bolls  in  the 
United  States,  by  its  very  strongly  dentate  thorax.  (4)  One  specimen  of  a  Crypto- 
phagid  beetle,  apparently  undescribed  and  not  occurring  in  the  United  States.  (5) 
Four  specimens  of  Ara^oerue  fasdculatuSf  a  cosmopolitan  beetle  found  in  articles  of 
commerce  and  frequently  observed  in  diseased  cotton  bolls  in  the  Southern  States. 

The  large  bug  is  the  Cotton  Stainer  (Dy$derou9  suturelluB  H.-S.),  also  found  in  the 
United  States  and  greatly  injarious  to  cotton  on  the  Bahamas.] 

Note  63  (p.  [65]).— A  large  Sphingtd  larva,  probably  of  Maoroeila  ruatioa. 

Note  64  (p.  [66]). — The  worms  sent  by  Se&or  Enriquez  were  the  genuine  Aletia,  as 
shown  on  p.  41. 
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qlabra,  66, 184. 
rhos.),  cited.  24. 

Uteratore  by.  323, 324, 326, 320, 330. 
332. 
Soatbem  Karal  Almanac,  etc.,  for  1851, 
rein.33u. 

ikatnieeus  vs.  Aletia,  88. 
pomp,  276, 282,  283. 

iral  ant  of  Texas,  vernacnlar  name  of 
Pogonomymux  barbatut,  [291. 
subdivisions  of  cotton  belt^  05, 07-80. 

States,  66-06l 
nvsh-aac  of  moth  ot  SO. 
.experiments with,  [20].[21].  1113]-[114]. 
pianduioM,  184. 
tree,  184. 
•  in  poisoninjr,  blast  ot  24$^25L 

compression  by,  258-26L 
lliimphreyville's,  251. 
I»iini*f^-'9.  231, 
history  of  A.  zyli.ia  iu,  2*-33. 

Boll- worm  iu.  28. 
Geological  Survey.  Keport  of  Progress 

for  IcT.h.  literal  lire  iu.  ioo. 
Planter,  literalurt-  bv.'i^K). 
i,Ant40'rd>ii4  I  Sr--  Antjf.gc^lig  aUneinctut-) 
Ira.  lotaiitir*  lor.  [I'^^j. 
rffect  of.  ou  larva*  of  A.  Tylina,  187. 
D  baitj».  I;17. 
atomy  c-f.  45-.'>7. 
palar  r.utu*-  of  A.  Tylina.  1. 
/\iia<ea,  l'H>«l-p'iai.L!*  ol  larva  of.  [100]. 
I</^*  of  t\pe-j*p«riiijen  of,  190]. 
on^^ical  <lc»cii prion  of.  [&jj. 
fri*j'(H>?.»-«i  to  hv  A.  jr-A\ha,  1. 
p'.a'.n.  m  of  A.  Tiilxna.  2. 
ur.v*  Tt,«irity  of  i<i<:ni location  of. 


ab«*-ct*-  oL  from  Bahamas.  21. 
at«  •  'Jiit  «'f,  \t\-  l>r.  C  W.  Capers, 

ai^aToi:.-.  of  male  genitalia  of,  [100]- 

•i.r.'»> -ncen  to.  ['1^]. 

«:.a  .:..»ri:niicti  •nof,attheDOTth.21. 

b^baTi'^r  if.   toward  lights,    [13], 


AUHtk  ayNna,  characters  of,  5-9. 

chronoloffical  account  ot  {See  His- 
tory of  A.  xylina.) 
chr>-Balis  of.    (See  Chrysalis  of  A, 

xylina.) 
olassificatory  position  of.  2. 
cocoon   of.       {See  Cocoon   of  A. 

xylina.) 
copulation  of,  observations  on,  [131. 
des<Tiptions  of  earlier   states   oi^ 

[00]-[100l. 
destroyed  by  a  Tachinid  fly.  [10]. 
HtiiothiM     armigera^ 
[18J. 
destruction  of,  by  dra^^on  flies,  [0]. 

Trtehogramma 
*  pretioua^  |7J. 

destructive  generations  of,  14. 
destmcf  iveneas  of,  2. 
distinguished  from  Heliothis  armi- 

gera,  374. 
eaten  by  cats,  dogs,  and   swine, 
[1001. 
Heliothit  armigera,  364, 
308.300. 
aflSsct  of  arsenic  on,  [34]. 

London  purple  on,  [33]. 


Paris  green  on,  [33]. 
[31]. 


pyretfarum  on,   [22],  [23]. 


on  images  of| 

larvse    of, 

[14]. 
'  vegetable  preparations  on. 

[21]. 
egg  of.    ( .See  Egg  of  A .  xylina. ) 
Miemies  of.     {i>€e  Enemies   of  A. 

xyUna.) 
exotic  origin  of,  discussed,  20. 
first  appearance  ot,  circumstances 

of.  [105J. 
in  Florida,  [0]. 
flight  of.  15. 

food -habits  of  imago  of,  [14]. 
food-plauU»  of.  [27]. 

of  imago  of.  [201 . 
geographical  distnbution  of.  39-44. 
habits  of.  5-8, 10, 11. 15,  [37  j.  [o?]. 
hatching  of  egf^H  of.  0. 
hibernation  of.    l.S-22,   [10I1-[102], 

[104J-[105]. 
conditions   affect- 
ing. 22. 
localities  of,  22. 
Bumiuary  of  evidence 
on.  22. 
history  of.   ( See  II  istory  of  A .  xylina. ) 
imago  of.    {.<^e  Muiii  of  A.  xylina.} 
influence  of  En^l :  -h  Kparrow  on,  ^  106] . 
weather  on,  83-oC. 
wtt  weather  on.  [IUj]. 
winds  on.  '<>-86. 
insects  mi»taken  lor.  ^5. 
introduction  ol.  from  foreign   coun- 

triest  di.>cu!»?ed.  2<J. 
irrf pilar  recurrt-nce of,  |122j. 
laVUng  of.  in   Ssommer   collection, 

larva  of     I  Set  Larva  of  A.  xyUma.) 
migrations  of.  15. 
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AUtia  xyUna^  nataral  enemies  of,  [29],  [80]. 

history  of,  5-22. 
Dorthem  food-plants  of,  15. 
nnniber  of  broods  of,  13-15,  [101], 

[10.2]. 
nQml>er  of  eggs  laid  on  one  leaf  by, 

5-6. 
objects  mistaken  for  eggs  of,  0. 
occurrence  of,  in  Bahamas,  42. 
Barbnda,  42. 
Brazil,  43-44. 
Guadaloape,  42. 
Manzanillo,  89-40. 
Martiniqne,  42. 
Mazatlan,  30. 
Merida,  41. 
Mexico,  ri22]. 
Montreal,  89. 
Porto  Rico,  42. 
Santo     Domingo, 

42.  fc 

Sfto  Paolo,  89. 
South  L;Arolina,84- 

35.  •  . 
Trinidad,  42. 
Venezuela,  42-43. 
Vera  Craz,  40-41. 
Wisconsin  [1021. 
oviposition  of.   ( fee  Oviposition  or JL. 

xylina.) 
parasites  of,  877,  (19],  120]. 
periodica]  occurrence  of,  41,  [122]. 

discnssed, 
20. 
recurrence  of,  theorj'  of, 
25,  26. 
periods  of  development  of,  |10l-[13]. 
popalar  names  of,  41. 
position  of  pupa  of,  [8],  [13]. 
postare  of  imago  of,  [13]. 
papation  of,  8,  [20]. 
ravages  of,  connection  of  floods  with, 
40. 
in  Bahamas,  42. 
Cuba,  42. 
Florida,  [6J. 
ManzaniUo,  40. 
Mazatlan,  89.' 
influence  of  rains  on,  48. 
weather  on, 
•  44. 

remedies  for,  [99],  [102]. 

history    of,     34-88,   41, 
[119H120]. 
seasons  of,   [ej.  [7],  [10]-[12],  [19], 
[20l,l37J,\l01]. 
in  Texas,  [25]. 
spiders  feeding  on,  [106]-(107]. 
statistics  of  losses  caused  by,  2-4. 
succession  of  broods  of,  [7]-[12]. 
synonymy  of,  2. 
tune  from  generation  to  generation 

of,  11-12. 
unimportance  of,  in  Florida,  [6]. 
unknown  in  parts  of  Florida,  [5]. 
▼ariations  in  broods  of,  [5]. 

oflarrfflof,  [8],  [12]. 
alUicBt  Phora.    (See  Phora  aUtue.) 

Titehina.    (Se^  Taehina  aleticB.) 
AUurodet  sp.  mistaken  for  eggs  of  A.  xylina,  6. 
aleurodit,  Metamymar^  n.  g.,  n.  sp.,  mentioned, 

107]. 
Allen  (H.  B.),  literataro  by,  330. 
Allen's  bnoket-form  pump,  273. 
plug-slot  nozzle,  202. 
powdering  bellows,  241. 
Alluvial  region,  65, 67-68, 69. 

soils,  64, 66. 
alnialiM,  Botit,  parasited  by  Chaleia  ovctta,  [111]. 
AUhcea  ofieinouis,  localities  for,  [103]. 
amara,  Carya,W. 
Ambrona  artemisicefolia,  184. 

experiments  with,  [20],  [21]. 
tnjfida,  184. 
American  Agriculturist,  lilerature  in,  830. 

Cotton  Planter,  literature  in,  328,  832, 

344,  358,  359.  382.  383, 884,  [121]. 
Cuckoo,  vernacular  name  of  Cfoceygus 
amerieanuty  ^29 V 


American  Cyclopedia,  literature  in.  330. 

Entomologist,  literature  in,  325, 328, 830 
331,  323.  335-338,  340 
344,352,350-363,3^364 
[1071,  [111]-[112],  [1211 
and  Botanist,  litenton 
in,  342. 
Farm  and  Home  Cyclopedia,  literstan 

in,  330. 
Farmer,  literature  in,  330, 342. 
Naturalist.  literature  in,  330,  332,334, 
338,339,341. 
amerieana,  Misumena,  vs.  Aletia.  [106]. 
Amor's  can-syringe,  274.  * 

watering-pot  pump,  273-274. 
Aneua  armigera  vs.  Aletia,  98. 
Anatomy  or  Aletia,  45-57. 

brush-sacs  of  moths.  56. 
larva  of  Aletia  xylina,  45-48. 
digestive  canal,  47. 
dorsal  vessel,  47. 
ganglia,  47. 
legs.  45. 

malpighian  vessels,  47. 
prologs,  46. 
salivary  glands,  47. 
stigmata,  46-47. 
stomach,  47. 
testis.  5t. 
moth  of  Aletia  xyUna,  48-68. 
aorta,  55. 
brush-sac,  56. 
coUeterial  glands,  57-58. 
copniatory  pouch,  58. 
coxae.  49-50. 
digestive  canal,  53-55. 
female  organs,  57-58. 
food  reservoir,  54-55. 
ganglia,  55. 
intestine,  55. 
legfi,  51. 
male  genitalia,  [100]-f  101]. 

organs,  56-57. 
malpighian  vessels,  55. 
nervous  system,  65. 
(BSO]>hagus,  54. 
ovaries,  57. 
penis,  57. 
pharynx,  53-54. 
pore-canals,  52. 
proboscis,  52-53. 
salivary  glands,  54. 
scales,  51-52. 
sebaceous  glands,  57-4S8. 
spines.  51,  53. 
spiracles,  61. 
stomach,  55. 
testis,  57. 

trochantines,  49, 50. 
tympanum,  50. 
vagina,  58. 
vasa  deferentia,  57. 
scent-organs  of  moths,  56.. 
Anderson  (Dr.  E.  H.),  acknowlcogment  of  asil 

ance  from,  zx,  xxx. 
cited.  16. 

literature  by,  326, 330, 83 
on  Heliothu  arrmgera  c 
ing  Aletia  zyliiux.  369. 
the  influence  of  Jute,  123 
report  of,  for  1880,  [87]. 
Andromeda,  67. 

anguttum^  McUvMtrum,  localities  for,  [103]. 
Anise  in  baits.  317. 
Anitoteelii  aWicinetus,  synonym  of  Leptoifiot 

phyllopus. 
Annales  de  la  Soci6t6  Entomologiqne  de  Fran 
literature  in,  383,  [llOj. 
des  Sciences  Katurellea,  literature 
[110]. 
Annoyances  to  the  cotton  worm,  [28]. 
Annual  extinction  of  A.  xylina  at  tlie  north,  21 
anntUieomit,   CryptuM,  erroneous  synonymy 

[111). 
Anolis  principaUt  va  Aletia,  88. 
Anomis,  A.  xuKna,  referred  to,  1. 

argiuacea.  A  letia  xylina  labeled  aa,  in  S 

mer  collection,  [90]. 
Inpunetina,  synonym  of  A.  wyKmOy  %  1 
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Anatnit  erota,  account  of,  345. 

description  of  egg  of,  348, 848. 
deacription  of  larva  of,  348. 
moth  o^  847. 
papa  of,  340. 
egg  of,  compared  with  egg  of  JLIetuK 

xylina,\m]. 
feeds  on  urena  lobata,  fl02l. 
food-plant  of,  846. 349, 350. 
larva  of,  compared  with  larva  of 

Aletiatryiina,  [103]. 
larva  ot,  compared  with  larva  of 
m  AnomU  texana,  [103]. 
Iarv»  of,  habits  of,  346. 
mistaken  for  AUtia  xyKna^  345. 
seasons  of,  346. 
meaeta,  Anomit  luridula  labeled  as,  in  Som- 
mer  coUection,  196]. 
geographical  distribution  of,  850. 
mistaken  for  Aletia  xulina^  345. 
grandipuneta,  Aletia  «y2ina  labeled  as,  in 
Sommer  collection,  [96]. 
synonym  of  A.  aylina,  2. 
grandis,  Aletia  xylina  labeled  as,  in  Som- 
mer coUection,  [96]. 
luridata^,   Aletia  xylina  labeled  as,  in 

Sommer  collection,  [96]. 
luridtUa,  labeling  of,  m  Sommer  oolleo* 

tion,  [96]. 
modesta,  A.  luridula  labeled  as,  in  Som- 
mer collection,  [961. 
■p.,  cotton  worm  of  Bahia,  [121]. 

description  of    different  states  of, 
[121]. 
fearama,  account  of,  350. 

description  of  imago  of,  [120]. 
larva  of,  350. 
pupa  of,  350. 
larva  of,  compared  with  larva  of 
A.  eroMa,  [103]. 
seyUna  long  considered  name  of  cotton 
worm,  325.       « 
synonym  of  Aletia  xyUna^  2. 
anonymat  Tachina.    (See  TachitM  anonyma,  377.) 
"Another  Cotton  Planter,"  literature  by,  330. 
Ant-lions  destroying  Aletia,  100. 
Antherea  polypKemui  parasited  by  Oryptut  nun- 

eiitf,  114. 
Antheumgraveolene  sk-protection  against  Aletia,  123. 
Anthophora  (?)  eat«>n  b}'  Oxyopee  viridant,  [107 J. 
Antidote  for  arsenical  poisoning,  [112]. 
Ants,  destmetion  of,  by  rams,  85. 

Heliothie  armigeta  by,  [19]. 
effect  of  pyretbrum  on,  [15]. 
influence  of  wet  weather  on,  [105]. 
not  natural  enemies  of  Aletia  xylina^  [29], 


letia,  89. 
va.  HeUothie  armigera,  376. 
Aorta  of  moth  of  A.  xuUna,  anatomy  o^  65. 
Apantelet  aUtuM^  descnption  of  imago  of,  [1081. 

larva  of;  [108J. 
Eupdmut  sp.  parasitic  on,  [108]. 
imago  of,  compared  with  imago 

ofA.  hyalinue,  [108]. 
vs.  Aletia,  101, 104, 105, 106. 
hydUnut,  imago  of,  compared  with  imago 
of  A.  aUtiCB,  [1081. 
Apatura  herte  parasited  by  Chaleit  ovato,  114,  |  111]. 
lyeaon  paraaitea  by  Ohdleit  ovata^  114, 
[HI]. 
Aphdogenia/ureata  vs.  Aletia,  05. 
Aphides  mistaken  for  eggs  of  A.  xylinat  6. 
Apiomsrtu  ertutipee  vs.  Aletia,  07. 
Apple  blossoms  ted  on  by  moth  of  A,  xuUna^  10. 

pomaoe  fed  on  by  moth  of  A.  synno,  11. 
Apples  fed  on  by  moth  of  A.  xyHna^  11. 
Apricots  fed  on  by  moth  of  A.  xylina^  11. 
Aqa^ject  pomp,  270. 
Aqnapolt  pump,  269-270. 
Aqaarins  pnmp,  270. 
Arachnida  vs.  Aletia,  80. 
Araeocerut  /atcietUatut  feeding  on  cotton  bolls, 

[121]. 
arboreumt  Oxydendrum^  66. 
archipputt  Danait.    (See  Danait  arekipptu.) 
argiUaeea,  Aletia.    (See  Aletia  argiUaeea.) 
Argiope  fateiata  vs.  Aletia,  80,  [106]. 


Arkansas,  history  of  A.  xylitM  in,  24^  26-20. 31-83. 
armigera,  Heliothis.    (See  Heliothie  armigera.) 
Army  Worm  contained  in  tiamily  Noctuiae^  2. 
erroneous  name  ox  A.  xylina^  1. 
Arseniate  of  soda,  147. 
Arsenic,  Arseniate  of  soda,  147. 
commercial,  147. 

experiments  with,  [15],  [20],  [33]-[35l. 
Fowler's  solution,  148. 
Johnson*s  Dead  Shot,  148. 
remedy  for  A.  xylina,  36. 
Texas  Cotton  worm  Destroyer,  148. 
value  of,  as  an  insecticide,  147. 
Arsenical  oompounds,  138. 

difficulty  in  determining 
minimum  (Quantities,  130. 
safety  in  their  use,  138. 
poisoning,  antidote  for,  1 112]. 
poisons,  comparing  the  different  modes 
of  appl^tion,  142. 
devices  fur  mixing  with  dilu- 
ents, 141.* 
dry  application,  140. 
experiments  with,  [32]. 
wet  application,  142. 
Ash,  68. 

Asilus  flies  vt .  Aletia,  00. 
fly,  larve  of,  99. 
eerieeus  vs.  Aletia,  99. 
AtpHavireeeeni^  account  of.  351. 

chxytAlis  of,  confounded  with  that 

of  Aletia  xylina^  17. 
description  of  larva  of,  17,  [104]. 
moth  of,  17,  352. 
pupa  of,  352. 
food-plants  of  larva  of,  352. 
found  in  West  Indies,  351, 

{geographical  distribution  of,  35L 
arva  of,  feeds  on  Solanum  tieg- 
linge,  17. 
mistaken  for  Aletia  xylina,  345. 
placed  in  genire  Heliothis,  351. 

Atkinson  ( ),  literature  by,  337, 383. 

Atlanta   Constitution,  literature  in,  328, 329, 330, 

339, 34L 
atomarie,  Phoberia.    (See  Phoberia  atommrit.) 
Atomizers,  blast,  243, 249. 
Atropa  belladonna,  148. 
atropivora,  Senometopia,  reference  to  description 

of^arvaof,  fllO].  ' 

Attoidae  ve.  Aletia,  [106]. 
AUut  eardinalie  vs.  Aletia,  [106]. 
faedatue  vs.  Aletia,  89. 
/aicioLatue  vs.  Aletia,  [106]. 
parwM  vs.  Aletia^  [1061. 
Austin  (J.  D.),  experiments  oy,  333. 
Australia,  cotton  enemies  in,  39. 
auiiraiis,  Pinue,  66, 67. 
avicenncB,  AbutUon,  localities  for,  [104]. 
Azalea,  66. 

Bahamas,  absence  of  A.  xylina  from,  2L 
history  of  A.  xylina  in,  42. 
ravages  of  A.  xylina  in,  42. 
Bahia,  cultivation  of  cotton  in,  48-41. 
history  of  A.  xylina  in,  48-44. 
insects  ii^uring  cotton  in,  43. 
Bail's  experiments  on  fungus  infection,  188. 
Bailey  (J.  F.),  acknowledgment  of  assistance  Ihmi, 
XX,  xxxi. 
literature  by,  330, 881. 
Bait-traps,  Bhikley's,  321 . 

Gsrrett's,  317, 320.' 
Heard's,  817. 
net  fonn  of,  818. 
Pngh's,  320. 
Stith's,  810. 
Baits,  adhesive,  remedy  for  A.  sylinOt  86. 
alcohol  in,  317. 
anise  in,  317. 
canned  peaches  as,  319. 
cobalt  in,  320. 
essential  oil  in,  317. 
honey  in,  320. 
molasses  in,  317. 

poisonous,  remedy  for  A.  xyltna,  86. 
vinegar  in,  317, 320. 
wax  m,  320. 
Ball's  pump,  276. 
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BaptMa  tinctorial  184. 
Barbce  (W.  J.),  literature  by,  331. 
Barbuda,  occarrence  of  A.  xyUna  in,  42. 
Baris  sp.,  iiOaring  Doe  Fennel,  [114]. 
Bam  Swallow  ««.  Aletia,  88. 
Barnard  (Dr.  W.  S.),  acknowledgment  of  assist^ 

ance    firom,     xx,    zzzl, 
xxxvii. 
on  application  of  kerosene  to 
cotton,  1113]. 
effect  of  ox-eye  daiay  ex- 
tract. 181. 
food-habits  of  HeUothU  ar- 

migera,  361. 
Hdiothu  armigera  eatinz 
Datura  ttramonium,  3e2. 
machinery    for    spraying 

cotton,  I  n4j-|119J. 
Report  by,  191-^21. 
Barnes  (William),  quoted,  356. 
Barrens,  05,  78, 
Barrett's  deflector  nozzle,  200. 
Barrow-pumps  in  jwisoning,  270. 
Barrow's  diylded  rose  nozzle,  105. 
Barrv's  rose  combination,  106. 

Baitiidlemy  ( ),  literature  by,  fllO]. 

Basswood,  66. 
Bats  vt.  Aletia,  87. 

V9.  Heliothit  armigera,  376,  [10]. 
Beach  (A.E.),  literature  by,  331. 
Bean,  food-plant  of  HeliothiM  armigera,  355,  [17]. 
Beating-off  the  insects,  310. 
Bee  (H.  P.),  cited,  15. 

Bee  Martin,  vemacalar  name  of  Tyrannue  earo- 
lineneit,  376. 

Temacular  name  of  Tyranntu  verti- 

ealis,  [29]. 
M.  Aletia,  88. 

VB.  EeUothit  armigera,  [10]. 
Beech.  66,  73,  74. 

Bell  (A.  G.>,  on  effect  of  pyrethrum  on  dogs,  [118]. 
Bellows,  hydraulic,  262. 

improvements  in,  285. 
in  poisoning,  235-251.  257,  262. 
pneumatic  compression  by,  257. 
Bdooieiatfifateiata,  description  of  larva  of,  [110]. 

puparium     of. 


parasitic  on 


[111], 
larva  of  Cfithe- 

ronia  regalii, 

[UO]. 
larvae  of  Dryo- 

campa,  [110 1. 
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papa  of  [111], 
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Chrysalis  of  A.  xylina,  term  of  existence  of,  0. 

Laphygma    frugiperda    confounded 
with  that  of  JL.  xylina^  17. 
Chrysanthemum  Uueanthemum,  180. 
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imago  of  Heliothis  armigsra, 

372. 
Platyhypena    seabra,     354, 
[104J. 
Coal'measnres.  75, 7G,  77, 78, 79. 
Coast  plains,  67 
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Cocoon  of  A.  xylina,  formation  of,  8 
Coffee  Weed,  186. 
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Daughtrey'a, 

25^261. 
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253-267. 
oscillating.267. 
reciprocating, 

258-261. 
rotary,  257. 
Worawick 
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283. 
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Comstook  (J.  H.),  description  of  Taehina  fraisma 

by  [109]. 
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eomstockii,  Eupleetrus.  (Boe  BupleetniS  eomstoekiil. 
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[110]. 
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Copidosoma  truneateUum  eaten  by  Heiiothit  ar- 

fnigera,  dS9. 
parasitic  on  Phtsia  hrat 
siea,969. 
Copper  sulphate,  experiments  with.  [20 J. 
Oopris,  effect  of  pyrethrum  on,  [15). 
(^opulatory  ]>ouch  of  moth  of  A.  zyZina,  anatomy 

of,  58. 
Coquillett  (D.  W.),  literature  by,  354. 
Oorehorus  capsularis  a  protection   against  Ale- 
tia. 122. 
eordata.  Magnolia,  66. 

Com,  food-plant  of  Heliothis  armigera^  356^  3S7, 

359.  [17].  [28]. 
Laphygma  frugiperda,  353. 
Worm  contained  in  family  Xoetuidce,  2. 

vemacnlai*name  of  Heliothis  armi- 
gera, 85a 
Comus,  66. 

Corrosive  sublimate,  experiments  with,  [20|. 
"Cotton,"  literature  by,  332. 
Cotton,  cultivation  of,  in  Bahia.  43-44,  [1211-[122]. 

Florida,  [5]. 
Manzanillo,  40. 
Martinique,  42. 
Mazatlan,  30. 
Merida,  41. 
SSo  Paulo.  44. 
Vera  Crux,  40. 
food-plant  of  HeUothis  armigera,  355.  358, 
357,359,  [17],  128]. 
imago   of  Heliotkis  armi- 
gera, 372. 
Lavhygma  frugiperda,  VA. 
MaerosHa  rustiea,  [121]. 
iujured  by  "  red  spider,"  [5]. 
inaeota  injuring,  in  Bahia,  43. 

Pemambuco,  44^ 
Venexnela,  42-43. 
irregularity  in  pbmting,  [I14l-[I15]. 
Army  Worm,  name  of  A.  xyUnek,  1. 
Belt.5»-80. 


division  of,  [105]. 
cause  of,  [26] . 
aymptoms  or,  [25]. 


blight,  cause 


bolls,  insects  feeding  on,  f  121J. 
Caterpillar,  name  of  A.  xylina,  1. 
oolture  and  the  insects  affecting  the  pkat 
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decrease  of,  in  Central  Ameries 
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enemies  in  other  countries.  39. 
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Moth  called  AUtia  argiUaeea,  1, 827 
plant.  Poisoning  the  glands  ot,  188. 
planting,  history  of,  m  Florida^  [6]. 
seed  oil,  163. 
States,  agricultural  subdiviaiona  o^  65-61. 

(Ornate  ot,  60-48. 
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geological  sketch  of;  <BMB. 

UmiU  of,  59. 
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temperature  of,  61-63. 
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winds  of,  50. 
Worm.   (See  AUtia  xyUna  ) 

investigation,  circular  No.  7,  xxrifi. 
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ton  (E.  T.).  eiTor  of,  [111  1. 
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emulsion,  discovery  o^  156, 157. 

mode  of  preparing,  157. 
emulsions,  efFeota  on  cotton  pla&ti  IM^ 

16L 
the    wonnit  IM, 
161. 
formula  for,  158. 
killing  insects  by,  311,8l2.SI4,8lBb8U^ 
821. 
*     mixed  with  milk,  166. 

wood  ashes,  156. 
vapor  of,  156. 
Killam's  deflector  nozzle,  209. 
Killdeer  Plover  ve.  Al*?tia,  88. 
Kilpatriok  (J.  W.),  acknowledgment  of  aaalstnet 

OM17]. 
King  (P.),  literature  by.  388. 

on  remedies  tor  Heliothie armigertLVH. 
King  bird,  vernacular  name  of  Xj/rannue eanmua- 

eU,tn, 
MTftaKi, 

va.  Aletia.  88. 

vs.  Heliothie  armigera,  [19]. 
Knapsack  bucket-pumps,  extinguisher  ftina,  tH 

syringe-can  form,  CT. 
water-pot  form,  278. 
powder  blower,  239. 
pumps,  270-274. 
sprinklers,  301. 
Gray's,  Ruggle's,  302. 
Townsend's,  362. 
Koebele  (A.),  acknowledgments  to,  zz,  xzzliL 
mentioned,  43. 

on  condition  of  Soumer  ooBaeiiWii 
196]. 
Korth's  bucket  pump,  272. 
Koeteletzkya  virginica,  localities  for,  [104J. 
Krancher  (O.),  cited,  46. 
Kiinckel  (J.),  oited,  11. 
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iaboriota,  Tetraanatha,  tb.  AletiA,  [106]. 
Ldbidut  harrith  vs.  Aletia,  90. 

melsheinuri  vs.  Alotia,  01. 
Laboulbdne  (A.),  literature  by,  fllO). 
Lace-wjnes  v».  Aletia,  100. 
Lady  birds,  effect  of  pyretbrum  on,  [22]. 

eggs  of,  mistaken   for  tbose  of  A. 

xylina^  6. 
vemacnlar  name  of  CoccineQidtBt  376. 
vt.  Aletia,  06. 

vs.  Heliosis  armigera,  TIO]. 
La  Frano  (B.),  on  remedy  for  A.  xytina.  38 
Laird  (George),  prodaction   of  pyretnrum   by, 
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Lane^s  watering-pot  pnmp,  273-274. 
Landois  (H.),  cited,  57. 
Landon  (M.  D.),  literature  by.  336. 
Landretb  &  Sons  (D.),  on  Heliothis  armigera  eat- 

inir  Lima  beans,  862. 
Lantern  traps,  remedy  for  A.  xylina^  36. 
Laphria  sp.  vs.  Aletia,  09. 
Laphygmafruffiperda,  account  of,  353. 

obrysalis   of,    confounded 
witb     tbat    of     Aletia 
xuHna,  17. 
food-plants  of,  863. 
larva  of,  babits  of,  353. 
larvse   destroying  Aletia, 

101. 
mistaken  for  Aletia  xylinat 

845. 
parasitcd    by    Eupleetnu 

oometockUy  107. 
ravages  of,  353. 
vernacular  name  of,  353. 
Larkspar,  nae  of,  to  kill  Aletia,  [1 14]. 
Larva  of  A,  seifUnaj  anatomy  of,  45-48. 

di;;eBtive  canal  ol^ 

47. 
dorsal  ▼esselof,47. 
ganglia  of,  47. 
legs  of,  45. 
malpighiui   ves- 
sels of,  47. 
pmlegs  of,  46. 
salivary  glands  of^ 

stigmata  of,  46-47. 
stomncb  of.  47. 
testis  of,  57. 
colors  of,  7,  [100]. 
compared  witb  larva  of  An- 

omieerota,  [1031. 
compared  with  larva  of  An- 

omis  texana,  [100]. 
condition  of   soil   and   plant 
connected  with  flrfct  appeu*- 
ance  of,  81-83. 
constancv  of  occurrence  of,  21. 
description  of.  374,|08]-[100l. 
and  figure  of,  6-7. 
early  occurrence  of,  21. 
external  anatomy  of,  45-47. 
feeding  of,  7-8. 
food  of  8. 

plants  of,  fl02]-[104]. 
fowls  feeding  on,  30. 
bistology  of  stomach  of,  48. 
internal  anatomy  of,  47, 48. 

head  of, 
47. 
_  of.  7. 
lied  by  snow-storm,  23. 
late  first  appearance  of,  dis- 
cussed, 20. 
mu*kings  of,  bow  produced,  46. 
migrations  of,  8. 
number  of  molts  of,  7. 
odor  of,  8. 

term  of  existence  of,  7. 
terrestrial  and  meteorological 

influences  affecting,  81-^. 
time  of  first  appearance  of, 
12, 13. 
of  AnomU  ero«a  compared  with  larva  of 

AleUa  xyKna,  [106]. 
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compared  witb  larva  of 
Anomiaeroea,  [103]. 
AtpHa  vireteena,  description  of,  [104]. 
Flatyhypena    eeabra^    description    oil 
[104]. 
Larve,  effect  of  pyretbrum  on,  [151. 
Late  first  appearance  of  larva  of  A.  fl^Kna  dla* 

cussed,  20. 
Laurel  oak,  76. 

Lavema  sp.  feeding  on  cotton  bolls,  [ISl]. 
Leaf-cutting  Ants  v».  Aletia,  94. 
Le  Blanc's  light  trap,  316. 
Lee  (D. ),  quoted,  356. 
Legree  ( J.  Ij^),  literature  by.  336. 
Leguminoeee,  food -plants  of  HtUotkU  armiamxL 

362. 
Length  of  life  of  moth  of  A.  xylina  dlsonased,  20. 
Lepidoptera,  destroying  Aletia,  lOi. 
Heterocera  belong  to,  2. 
Leptogloi»u»  phyUoptit,  food-habits  of.  866. 

injury  to  cotton  boUa  bv, 
366. 
Leueemia  unipunefo,  absence  of,  from  Florida,  [6]. 

account  of,  350. 
called      Xorthem      Army 

Worm.  19. 
food-plants  of  larva  of,  10. 
geographical  distribution  oi, 

larva  ot,  habits  of;  861. 
mistaken  for  Aletia  owKno, 

845. 
motb  of,  confounded  wltli 

that  of  Aletia  xyHna,  19. 
moth  of,  described  and  fig- 
ured, 19. 
number  of  broods  of;  SSL 
oviposition  of,  351. 
seasons  of,  [102]. 
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Leueanthemum  vuigaire,  180. 
Leuearetia  aerea^  brush-sacs  of  moth  of;  56^  [106]. 
Levy's  sifting  machine,  305. 
Lewis'  bucket  pnmp,  271. 
deflector  nozrle,  209. 
light  trap,  316. 
syringe,  271. 
LtbeUtila  trimaeulata  figured,  101. 
LibellulidiB  vs.  Aletia,  100. 
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Light-traps  for  insects,  314. 
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Duke's,  316. 
Garrett's.  320. 
Fordtran's,  816. 
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Lewis',  315. 
McQueen's.  815. 
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Pitman's.  316. 
Pugh's.  320. 
Rigel's,  316. 
simple  form  ot^  815. 
Stephens',  316. 
Stith'A,  319. 
Lighted  torches,  remedy  for  A.  xylina^  86. 
Lights  as  remedies  fur  jETeliothis  armigsra,  879. 
attraction  of  moths  by,  [112]. 
for  attracting  the  moth  of  A.  xyV/na^  129. 
Lignitic  clay,  72. 
ligustrina,  Oliftonia,  67. 

Lima  beans,  xood-plantof  HeUothis  amUgsrtL  882. 
Lime  hills,  65,  69,  71. 

Limestone,  63, 65, 66, 69, 71, 73, 74, 75, 76, 77, 78. 
Linden,  66. 

Lintner  (J.  A.),  literature  by,  381.  837. 
Linyphia  communis  vs.  Aletia,  89,  ^106]. 
Liriodendron,  66. 

Literature  of  A.  xylina^  history  of;  822. 
Little  (George),  oevice  of,  for  mixing  dry  po^ 

sons,  141. 
Live-oak,  67, 69, 71. 
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Lisard,  Green,  vm.  Xietitk.  89. 

Ground,  vs.  Aletia,  89. 
Llano  estacado,  65,  68,  60. 
Loams,  63. 64, 68, 70, 71, 72, 73, 74, 77, 78. 
Loblolly  pine,  67. 
Looalities  for  malTaceons  plasta,  [103J-[104]. 

of  hibernation  of  A.  xylina,  22. 
Locust,  73. 
Loess  formation,  73. 
Logserhpad  vt.  Aletia,  88. 
London  Purple,  149. 

advantaj^es  of,  151. 

dry  application  of,  151. 

expenenoe  with,  in   Texas 
Alabama.  150. 


and 


experiments  with,  [15],  [82],  [83]. 
manufacture  and  auiJysiiB,  149. 
reasoDs  of  failure  in  emcacy,  150. 
remedy  for  A.  rylina,  38. 
value  of,  as  an  iosectloide,  150. 
wet  application,  152. 
Long's  removable  slot  nozzle,  203. 
Long-leaf  pine,  65. 66, 67, 69-72, 74. 76, 78, 79, 80. 

rt»eiou,  65. 67, 69-71. 
Long-staple  cottonleastipjured  by  Aletia  xyUna  [9], 

luxuriance  ofT  in  Florida,  [GJ. 
Loring  (—).  literature  bv,  337.  383. 
Losses  caused  by  A.  xi/lina,  statistics  of,  2-4. 

of  cotton  crop  in  1881,  33-34. 
Louisiana,  hiittory  ofA.xylina.  in,  23-33. 
Low  com  M.  high  com  as  a  remedy  for  Hdiothit 

cunnigera,  378. 
Lower  prairie  region,  65, 68-69. 
Silurian  formation,  75, 77. 
Tertiary  formation,  64. 72. 
LoOMndrtu  erenatut  vs.  Aletia,  95. 

lueens  vs.  Aletia,  95. 
Lncas  (H.),  literature  by,  383. 
Lucerne,  vernacular  name  of  Medieago  tativa,  863. 
Lnpton  (Dr.  J.),  theory  by,  for  destroying  the 

moth,  134. 
Lnthy  &■  Marx's  insect  powder,  163. 
Lygcnu  sp.,  injury  to  coiton  bolls  by,  366. 
Lyman  (.).  B.),  literature  by,  332,  337.  883. 
Lynch's  plug-rose  nozzle,  193. 
M.,  literature  by,  337. 
M.  (A.  8.).  literature  bv,  336. 
McCook  (H.  C),  literature  by,  837. 
McDontUd's  bucket^form  pump,  273. 
McG.,  literature  by,  337. 
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Mclntyre  (E.  L.),  letter  from,  44. 
McKinnen  (D.),  literature  bv,  822,  837. 
McMeekin  (F.  M.),  queued,  [5J. 
McQueen's  light  trap,  315. 

Macninery,  convevances  for,  in  cotton-field,  [115]. 
insecticide,  191-321. 
remetly  for  A.  xj/Hna^  38. 
Machines  for  catching  ins«>ctB,  310-321. 
poisoning,  191-300. 
powdeHng,    224-225,  227-232,    236.242, 

302-300. 
set  as  tiaps,  314-321. 
spiivyi°g.  191-297. 

construction,  of,  (114]-[1191. 
experimento  with,  [114j-[ll9]. 
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Maoon  Telegraph  and  Messenger,  literature  in, 

337. 
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ma&ulaiit,  Detmia.  parasited  by  Chalets  ovata,\lll]. 
Maggots,  occurrence  of,  in  rotting  bolls,  [19j. 
Magnolia,  73. 

amminata,  66. 
eordata.  66. 
glattca,  67. 
maerophylla.  66. 
Male  insects  attracted  by  fires  and  lights,  [112]. 
organs  of  moth  of  A.  xylina,   anatomy  of, 
.56-57,  [100]-fl01]. 
Mallor>-'s  pump,  272. 

slotnoxzle  201^202. 
Malpighian  vessels  of  larva  of  A.  xyUna^  anatomy 

of,  47. 
moth  of  A.  xylina,  anatomy 
of,  55. 


Maiva  aicea,  localities  for,  [108]. 

movcAata,  looalittes  for,  [1031. 
rotundifolia^  food-plani  of  A 
350. 
localities  for,  [103]. 
sylvestris,  localities  for,  [103]. 
MalvadMB,  food-plants  of  Heliotkis  armigen^  863. 
Malvaceous  plants  in  herbarium  of  IT.  &  Depart- 
ment of  Agriculture,  exaoft- 
ination  of,  [103]. 
localities  for,  ri03]-[104l. 
Maivastnmi  angustum,  localities  for,  [1031. 
eoceineum,  localities  for,  [103  . 
spicatum,  eggs  found  on,  [lOSjl 
Mandrake,  187. 

Manipulative  insect  destroyers,  310. 
Mann  (B.  P.),  acknowledgment  to,  xxi. 

literature  by,  331. 
Manning  (V.),  literature  by.  335. 
Mantis  Carolina  vs.  Aletia,  99. 
Manzanillo,  cultivation  of  cotton  in,  40. 

ravages  of  A.  xylina  in,  39-40. 
Maple,  68. 

Marion  (Ala.)  Commonwealth,  literatore  in,  337. 
Markings  of  larva  of  A.  xylina^  how  produced,  48. 
Marl,  65. 67. 
Marsh  lands,  68. 
region,  6  >. 
Mamibium  vttlgare,  185. 
Martinique,  cultivation  of  cotton  in,  42. 
direction  of  winds  in.  42. 
occurrence  of  A.  xylina  in,  42. 
Marx  (Dr.  George),  drawings  by,  xxi. 

report  on  spiders  of  cotton 
plAnt.ri06]-[l07]. 
Matthews  (J.  C),  on  improvement  of  cotton  seed, 

120. 
May's  pump,  263. 

Mazatlan,  cultivation  of  otton  in,  39. 
ravagf^s  of  A.  xylina  in,  39. 
Meade  (R.  H.).  literatare  by,  [100]. 
Mealy-bug  mistaken  for  egg  of  Aletia  xyUna^  6. 
Meeds  inoniMa  injuring  Dog  Fennel  [114]. 
Mechanical  destruction  of  insects,  310. 

means  of  killing  the  worms,  135. 
Medieago  saiiva,  food-plant  of  Hehothis  anUgsra, 

363. 
Megachile  (?)  eaten  by  Oxyopes  mridanSy  [107]. 
Meigen  (J.  W.).  literature  bv,  383. 
MelanoUstes  picipe*  vs.  Aletia,  07. 
Melcher's  barrel  pump,  274. 
nozzles,  275. 

peripheral  divided  rose,  196. 
plug-rose  nozzle,  193. 
side-slot  nozzle,  205. 
MeUagris  ,jaUopavo  va  Aletia,  88. 
Melia  azedaraeh,  185. 

a  protection  against  Aletia,  Ul 
Melon,  vernacular  name  of  Cneumis  mdo^  163. 
Melons  fed  on  by  moth  of  A.  xylina,  11. 
Mentha  viridut,  186. 
Merida,  cultivation  of  cotton  in.  41. 
direction  of  winds  in,  41. 
occurrence  of  A.  xylina  in,  41. 
Meroeoris  distindtus  vs.  Aletia,  98. 
Mesquite.  67,77. 
Mesothorax  of  moth  of  A.  (Kylina,  extenial  aaal- 

omy  of,  48-49. 
Mesiimena  gsorgiana  vs.  Aletia,  89. 
Metamorphio  rocks,  62,  63,  79-80. 
Metamymaraleurodis,  n.  g.,  n.  ap.,  mentioned  [107] 
Metapodius  femoratue  va  Aletia,  07,  08. 
Metathomx  of  moth  of  A.  xylina,  external  anil* 

omy  of,  49-^. 
Meteorological  influences  affecting  the  larva  of  i. 
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Methyl  alcohol  for  preparing  Pyretiimm  extiMt» 
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Meyer  (G.  H.).  cited,  67. 
Mica  schists,  79. 
slates,  80. 
Migration  theory,  323,  324,  327. 
Migrations  of  A.  xylina,  15. 

insects,  causes  of,  15. 
larva  of  A.  xylina^  8. 
Migratory  flights  of  moth  of  A.  xylina,  2L 

habits  of  moth  of  A.  ayKnadiBOOMad,  10^ 
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uUifida,  localities  for,  [104]. 
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catching  insects  in,  316, 321. 
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.),  letter  from,  39-40. 
literature  by,  337. 
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Malta,  localities  for,  flOS]. 
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.  xylina,  anatomy  of,  48-58. 

aorta  of,  55. 

brush-sac  of,  56. 

coUeterial  glands  of,  57-58. 

copulatory  pouch  of,  68. 

GOX8&  of,  40,50. 
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immigration  of,  21. 
internal  anatomv  of^  6d-5& 
length  of  life  of,  disousaed,  SO. 
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trap^remedy  for  A.  xyHna,  86. 
Motheral  ( w.),  literature  by,  338. 
Mountain  oak,  66. 
Miiller  (F.).  cited,  56. 
muhlefU>ergii,  Querent,  66. 
Mullein,  185. 

MuUen  (S.  B.),  literature  by,  338. 
muUiflda,  Modiola,  localities  for,  [1041. 
MurUeldt  (M.  E.),  on  Hdiothia  tmn%g§ra  eating 

Pluueolut  vulgarii,  362. 
Myrmeleonidaa  destroying  Aletia,  100. 
Names,  popular,  of  A.  xyUna,  1. 
scientific,  of  A.  xylina,  1. 
Nawma  dioiea,  locabties  for,  [103]. 
napcea,  Sida,  localities  for,  [104|. 
Nashville  formation,  75. 

Natohez  Democrat  and  Courier,  literature  in,  838. 
National  Academy  of  Science,  paper  read  by  C.  Y. 

Riley  before,  Iti. 
National  Agricultural  Congress,  addresses  before, 

[119]-[120]. 
Natural  history  of  A.  xylina,  5-22. 
Naturalists'  Leisnre  Hour,  literature  in,  341. 
Navasota  (Tex.)  Tablet,  literature  in,  332. 
Neal  (Dr.  J.  C),  acknowledgments  to,  xx. 
cited,  35. 
experiments   of,  with   kerosene 

emulsions.  IdO. 
on  Urena  lobata  as  food-plant  of 
Anomiserota,  [1021. 
Nectar  glands  of  cotton  plant,  dysteleologv  of,  [101]. 

teleology  of,  [101). 
Nervous  system  of  moth  of  A.  fl;y2tna,  anatomy  of,  55. 
Net-catebmg  of  insects,  311 

trap,  318. 
Neuroptera  destroying  Aletia,  100. 
New  (VV.  W.),  literature  by,  338. 
New  Harmony  Disseminator,  literature  in,  822,841. 
New  Orleans  Commercial  Times,  iitomtarein,  829^ 
388. 
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"Sew  Orleains  Democrat^  literature  in,  829, 840. 

Picavnne,  literatare  In,  838. 
New  York  Triban'o,  Uteratare  in,  389. 

Extra  No.  21,  literature  in, 
327,  3:^4. 
Weekly  Sun.  literature  in,  838,  888. 
Nezarapenruylvaniea,  food-babits  of,  886. 

iEy[ary  to  cotton  bolls  by, 

vs.  Aletia,  98. 
Nickereon's  deliector  noxzle,  2<j8. 
NieoUana  taboicumy  184. 
Night-hawk 8  vs.  Aletia,  88. 
niffra,  Quereu^,  60. 
NocttM  xylifM,  first  naming  of,  1. 

former  name  of  Aletia  mfUna^  825. 
HynoDjm  of  A.  xylina,  2. 
Noctuid  larva  an  enemy  to  cotton  in  Egypt,  89. 
JioetuideB^  important  inseclAcoutainedin  iaiiiJly,2. 

poncturiug  of  fruit  by  moths  of,  11. 
Nomenclature  of  A.  xylina,  1. 
Non|>areil  v».  Aletia,  88. 

North  American  Entomologist,  literature  in,  88S. 
Carolina,  history  of  A.  xylina  in,  25-29, 83. 
Northern  Army  Worm,  vernacular  name  of  Ltu- 

eania  unijmneta,  19, 850. 
Notes,  [93I-L122]. 
Nossle  Mijustments,  289-297. 

pipes,  a^uHtment  of,  [114)-[119]. 
NoEsles,  Binkley's,  285-286. 
blaat-aeflecting,  229. 
centrifugal.  211-221. 

eddy-chambered,  212-219. 

working  of;  [ll(i]-[lll]. 
flstnlar,  220,221. 

Clarke's,  220. 
Clifford's,  220. 
Gielow's,  220, 221. 
Gray's,  221. 
Hosford's,  221. 
Hots'.  220. 
Hoyer's,  220 
Johnson's,  220, 2S1. 
McGaffey's,  221. 
with  cross-plug,  22L 
with  rotai^  segment,  2S0. 
elaasiflcation  of,  101-221. 
oolliding1et,194. 

Danghtrey's,  194,  260. 
•  l»rontv's,  194. 

Weber's  194.260. 
deflector,  206-211. 
Barrett's,  209. 
Binkley's,  210. 
Dougbis',  208. 
Hayden's,  209. 
Holling'a,  208. 
Killam's.  209. 
Lewis',  209. 
Nickerson's,  208. 
Polansky's,  211. 
Ruhmanu's,  210. 
Schier's,  210,  211. 
divided  rose-beads,  196. 
Barrow's.  195. 
dutch-bended,  195. 
Fo»8',  195. 
Fox's,  195. 
for  blasts,  244-247. 

centritiigal,  reverberatory  ,244-247. 
I>owder  blasts,  237-288. 
spraying,  191-221. 
gas  jet,  194. 

hose-pipe  spray,  220.221. 
in  automatic  sprinkler,  297-298. 
Jawed-slot,  203. 

"The  Boss  noasle,'*  208 
Moffett's.  203.    , 
Perkins,  203. 
Pinter's.  203. 
Raymond's,  208. 
Ruiimann's,  208. 
Smith's.  203. 
Stanion^s,  203. 
Williams',  203. 
Johnson's,  284. 
many-punctured,  191-190. 
cleaning  of,  192. 


NoBslea,  many-pnnctured,  clogging  ot  IS^ 

construction  of,  191-198. 
Daughtrev's.  260. 
Weber's,  260. 
Melcher's,  275 

peripheral  roses,  divided,  196. 
Melcher's,  196. 
Rnhmann's,  196. 
Yeager's.  196. 
plug  roses,  103-194. 

Dawson'H,  193. 
Foster's.  193. 
Johnson's.  193. 
Lynch's,  193. 
Melcher's.  193. 
slot,  202. 

Allen's,  202. 
Johnson's,  202. 
The*- Niagara."  203. 
Pinter's,  202. 
Polansky's,  276. 
preferred  kinds,  191. 
removable  deflector,  207. 
slots  of,  203. 

Long's,  203. 
Meiigot,  203. 
Vestal's,  208. 
reverberatory,  reatomiaing,  247. 
rose  combinations,  196. 
Bam-'e,  11*6. 
Prentice's,  196. 
hesded.  191-196. 
Ruhmann's,  275-276. 
Schier'A.  276. 
Blotted  kinds  of,  196-205. 
Fowler's.  201-202. 
Iske's,  201-202. 
Mallory's,  201-202. 
simple  ones,  201-302. 
spray-pipe,  219. 
T*rosea  improvements  In,  191. 
Warner's,  194. 
Yeager's.    194 
to  hydronettee,  264, 265, 268. 
Vogelsang's.  275. 
wh!stlejet,2l5,216. 
Wolfram's.  287. 
Yeager's,  277-278. 
Number  of  broods  of  A.  xylina,  13-16,  (1011,  [UU* 
nuneku,  Oryptua,  synonymy  of,  fill]. 
Oak.  65-68, 71-76, 78, 80. 

uplands  region,  65, 69, 70-71, 72-73, 74. 
Oocuirence  of  A.  xylina  in  Bahamas,  42. 

Barbuda.  42. 
Brazil,  4&-44. 
Gnadalonpe,  43. 
ManzanilUk,  39-40. 
Martinique,  42. 
Mamtlan,  39. 
Merlda,  41. 
MontreAl,  39. 
Porto  Rico,  42. 
Santo  I><nningo,4S. 
Sfto  Paulo,  39. 
South  Carolina,  84-11 
Trinidad.  42. 
Venesuela,  42-48. 
Vera  Cms,  40-41. 
Ochsenheimer  (F.),  literature  by,  357. 
Odor  of  larva  of  A.  xylina,  8. 
(Ebaivt  pugnax  vs.  Aletia,  97. 
(Ecodoma  jtrent  vs.  Aletia,  94. 
CEmler  (A.),  on  Heliothia  armifMra  eating  Pk| 

tali*,  862. 
(EsopbatfUB  of  moth  of  A.  xyUna.  uiatoaiy  o^S< 
oJUinalit,  AUheta,  localities  for,  1103}. 
(^  essential,  in  baits,  317. 
of  creosote,  162. 
tar,  162. 
Oils  as  insecticides,  155. 
Okra,  food-plant  of  HeUoOda  armigera,  [17]. 

vernacular  name  of  Htbiteus  sswiysnlut,  861 
oferoeso,  Pierii.    (See  Pieris  oUracta, ) 
OUgo9oma  laterale  vs.  Aletia,  89. 
Open  spaces,  effect  of,  on  AUtia  arviina,  [28]. 
Ophideres  fuUoniea,  puncturing  of  fhiit  by,  IL 
QpAiiMa,  A.  xjylina  placed  by  T.  W.  Harris  near, 
xylina,  synonym  of  A.  xyHna,  2. 
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Opomum  M.  Aletii^  87. 

OnmgM  panotared  by  moth  of  Ophidtttt  fuXUh 

nw.^  11. 
Organs  of  njprodnction  of  moth  of  A,  fl^ftnOk  oz- 

t«mal  anatomy  of,  56-58. 
Oriolea,  Temacular  name  of  IcUrut,  376. 

v$.  Aletia,  88. 
Orthoptera  destroying  Aletia,  90. 
Ortyx  virffiniantu  vs.  Aletia,  88. 

vs.  Heliothis  armig^ra^  376. 
Oiaffo  nT»uge,  74. 

OMUlating  blowers  of  poison,  235-249, 257. 

powder,  23(^:^43. 

Allen's,  241. 
compound  to  oart, 

238. 
hand  use  ot  289- 

241. 
Hendley's,  242. 
horseback  form  of, 

239. 
knapsack  form  ot 

239. 
to  cultivator,  289- 

239. 
with  forks.  241. 
Woodason's.  242. 
compression-squirters,  pneumatic,  257. 
squlrters.  solid  compression,  262. 
Oamodtrma  sp.  parasite<l  by  Pnora,  117. 
Oston  Sacken  (C.  R.),  literature  by,  ri09|. 
Our  Home  Journal  and  Kural  Southland,  litera- 
ture in,  838. 
Ovaries  of  moth  of  A.  xyUfM,  anatomy  of^  57. 
nmUa,  Chaleu.    (See  CiuiUU  ovata.) 
OvipoaiUon  of  A.  xyUtM,  f8],  [12],  [17],  [20]. 

time  of,  10. 
Owlet  Moths.    {See  Xoctuida).) 
Ox-eye  Daisy  powder,  experiments  with,  180. 
Oxyaefidrum  arbareum,  66.  * 

OxyopeM  viridane,  food-habits  ot  [107]. 

vs.  Aletia,  89,  [106]. 
Ozyopoidn  v$.  Aletia.  [106J. 
Pacifio  Rural  Press,  literature  in,  878,  883. 
Packard  (A.  S.,  Jr.),  literature  by,  838,  888,884. 

quoted,  352. 
Paint,  killing  insects  by.  315,316. 
Paleoaoio  formations,  62,  63,  64,  70-71. 

rocks,  63. 
Paloma,  name  of  moth  of  A.  xyUna,  41. 
Paphia  fftyeeriufn,  artificial  hibernation  of  adnlt, 

20. 
PapUio.  literature  iu,  352.  353,  [105]. 
Paraalted  chirsalides,  endurance  of  firost  by,  16. 
Parasites  of  A.  xylina,  101. 

Parasitic  checks  to  A.  xylinOy  absence  of,  dis- 
cussed, 20. 
PorvttfnsCitf  punetatue  feedinji;  on  cottmi  bolls, 
[121j. 
sp.  feeding  on  cotton  bolls,  [121]. 
Paris  green,  143. 

combinations,  patents  on,  146. 
experiments  with,  [33]. 
first  mention  of,  for  cotton  worm,  826. 
lor  Aletia,  history  of  use  of,  [119]- 

[120]. 
its  history  as  an  iuflecticide,  148. 
minimum  quantities  of,  144. 
modes  of  application,  143. 
not  applied  to  long-staple  cotton,  [6]. 
proportions  of  mixture  of,  [118]. 
remedy  for  A.  xvlina,  36-38. 
test  ot  purity  of;  [113]. 
Partridge  v$.  Aletia,  88. 
jporvta,  AUut,  vs.  Aletia,  [106]. 
Fatpaiwnt  Iceve  fed  on  by  moth  of  A.  9yUna,  10. 
Patent  mixtures  of  Parirt  green,  146. 
Patton  (W.  H.),  acknowledgments  to.  xx,  ] 
Fononia  tffptuUeoideM,  eggs  found  on.  [108]. 
Pea,  food-plant  otHeUothie  armiaera^  856,  [17]. 

imago  of  HmtAhu  ami^MrOk 
372. 
Peach  blossoms  fed  on  by  moth  of  A.  vyHtmn^  10. 
Peaches  fed  on  by  moth  ot  A.  a^lina^  11. 
Pears  fed  on  by  moth  of  A.  xylina,  11. 
Pebbles,  63.  64.  70-71,  72,  74. 
Peck's  blast  sprayer,  249. 
Pdop«m*M  c€truUu9  vs.  Aletia,  94. 


PeiopcBUt  peimsylvanieue  vs.  Aletia,  96. 
Pendulum  pump,  279. 
Penis  of  moth  of  A.  xylina,  anatomy  of;  57. 
Pennyroyal,  185. 

experiments  with,  [20],  [21]. 
Pei^cande  (Th.),  acknowledgments  to,  xxi. 
on  food  habits  of  HelioUiie 
gera,  362. 
Periodical  occurrence  of  A .  xylina,  41. 

discussed,  20. 
insects  discussed,  20. 
recurrence  of  A .  xylitia,  theory  ot,  26, 96. 
Peripheral  divided  iohu  nuzzloti,  196. 
Perkin's  Jawed-slot  nozzle,  203. 
Pemambuco,  history  of  A.  xylifui  in,  44. 

insects  injuring  cotton  in,  44. 
Persimmons  fed  on  bv  moth  of  A.  xyUna,  11. 
PhaUmia  zea,  original  description  of,  [131). 

synonym  of  Beliothit  arm^jpsrs,  868L 
PhansBUs,  effect  of  pvrethruu)  on,  [15]. 
Phares  (Dr.  D.  L.),  cited,  15,23-24. 

literature  by.  825, 888. 
on  late  planting,  121. 
Pharynx  of  moth  of  A.  xylina^  anatomy  ot  53-64. 
Phaeeohu  vulgaris,  food-plant  of  Heliothis  at  ad 

gera,  862. 
PhUadeiphuiinodarueOh  186. 
Philips  (M.  W.),  literature  by,  338. 
Phillip's  Southern  Farmer,  bterature  in,  386. 
Phoberia  atomarie,  account  of,  354. 

food-plant  of  moth  ot  864. 
mistaken  for  Aletia  xyUntt^  84ft. 
moth  of,  confounded  with  that 

of  Aletia  xylinOt  19. 
pupation  of  [1041. 
Ph4ira  (Uetim,  eaten  by  Chauliognatnus  Urrs,  18^ 
food  habits  of,  [112]. 
not  a  true  parasite,  [112]. 
parasited  by  Hexaplaeta  tSgatUf  U0. 
vs.  Aletia,   102,   108,   116.  117^  118^ 
119. 
incfottatay  116. 
fikyiOopus,  Leptogloeeue.    (See  Leptoglo§mu  pk^fBo- 

PJ^fUMe,  food-plant  of  Hdiothie  armiqtra,  80. 

vifeosa,  food>plant  of  AfpiZa  virsMlM^ 
352. 
Phytnata  eroea  vs.  Aletia,  97. 
PkyioXacea  deeandra,  187. 

experiments  with  [20],  121]. 
not  fed  on  by  Altiid  fl^wia,  [100]. 
Picking  off  insects,  310. 
Pieri*  cleraeea,  effect  of  pyrethrura  on,  [28]. 
Pignut  hickory,  67. 
Pimjpla  annvhpee  vs.  Aletia»  102, 113. 
eonquUitor,  115. 

a  pjirasite  of  the  ohxyMUs  cf 

A.  gyUna,  16. 
vs.  Aletia,  102,  111,  IIS,  118. 
Pimplarie  of  North  America,  referenoe  to  Uirt  oC 

[111]. 
Pine,  78. 7& 

prairies,  68. 
Pinters  barrel  pump,  278. 

Jawed-slot  noaale,  203. 
plug-slot  nozzle.  202. 
Pinue  aiutralU,  66, 67. 
glabra,  fn. 
mitie,  66, 67. 
ttfda,  06  67. 
Pionea  rimosalie.  effect  of  pyrethmm  on,  fV)« 
Pipe  a^ustments,  289-297. 

adjustments  of  spraying  nuMshlnery,  [1U|* 

extensirn  to  hydronettes,264,206. 
fork  mo<li(loatlonB,  290-292. 
Pipes,  cheapness  of,  292-293. 

conformability  uf,  292-293. 
flexile,  superior,  296-297. 
for  bUst  sprays,  244, 248, 240. 
lightness  of,  292-293. 
of  poisoning  machines,  288. 
pendant,  202. 
substances  for,  293. 
plteatorium,  Oheiraeemthium,  vs.  Alette^  [lOO]. 
Piaum  tativuM,  food-plant  of  HsUoCMt  orMtenk 

862. 
Pitman's  light  trap.  816. 
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Plant,  condition  of,  connected  with  first  appear- 
ance of  larva  tif  A.  atfflina,  82-83. 
lice  mistaken  for  egga  of  AUtia  xyUfta,  6. 
Plateaoa,  78. 
PJai^hypmM  fca6r«,  account  of,  354. 

deacrlption  of  larva  of,  854, 
fl04]. 
papa  of,  [104 J. 
food-plants  of,  354,  [1041. 
geoffrapbical  distnbntion  of, 

354. 
habits  of.  854. 
hibernation  of,  [104]. 
mistaken  for  Aletta  syUnm, 

345. 
parasite  of,  354. 
pnpatiou  of,  [104). 
synonym  otHyptna  Mttfrmlw, 
1104]. 
plolyA^SMiKS,  Eupl^ru*.    (See  Eupleettui  pUOy- 

pmiirivin^ut,  Oryptut,  synonym  of  O.  eonquitUoTt 

[iiij. 
Plng-rose  nossles,  193-194. 
Dawson's,  193. 
Foster's,  193. 
Johnson's,  193. 
Lynch's.  1U3. 
Melbher's,  193. 
Plomarher  (B.  H.),  letter  from,  42-48. 
Plnma  fed  on  by  moth  of  il.  xylina,  11. 
Pkuia  broitiea,  Covidosoma  trunomUUum  para- 
sitic on,  3W. 
eaten  by  JB^iothii  armigerm,  889. 
feeding  on  tomato,  369. 
dyaut,  description  of  larva  of,  [1001. 
PneomaUc-compression  sqnirters,  268-261. 
DauKhtrey's  258-201. 
generative,  253-257. 
oscillating,  267. 
reciprocating,  258-201. 
rotary,  257, 
Weindel's,  258w 
Worswick  Co.'s,  258. 
Podagrion  sp.  parasitic  on  Mantis  eggs,  100. 
Podinu  eymeus  vs  Aletia,  97. 

puneHp§t  vs.  Aletia,  97. 
Mpinows  vs.  Aletia,  97, 98. 

vs.  Heliothit  amUgera,  878. 
PodophyUum  pMatum,  187. 
Pogoniymyrmex  barbatu*,  habits  of,  [29]. 

not  natural  enemiea  of 
Aletia  xylina,  [29]. 
Poiaon-drags,  810. 

flnids,  blowing  of,  243-249. 
ftinnel,  288. 

liqnids,  blowers  for,  228-252. 
conduits  for,  283-209. 
nozzles  for,  191-221. 
pnmps  for,  261-283. 
throwers  for,  221-226. 
mixer,  288. 

mlxtores,  strainin^^  of^  192, 288. 
powders,  blowers  ibr,  226-262. 
throwers  for,  221-226. 
sifters  for,  302-309. 
spraying,  191-302. 
strainer,  288. 
Polaoned  fruit  for  destroying  the  moth,  132. 
liquids,  modo  of  using,  132. 
sweets,  experiments  with,  [20]. 

for  destroying  the  moth,  131. 
as  remedies  for  A.  o^Uruij  36. 

Beliothu    armi- 
gera,  379, 380. 
PdiMning,  arsenical,  antidote  for,  [112]. 

as  a  remedy  for  Heliothit  firmigera,  381. 

bellows  for,  235-251. 

blowers  in,  226-252. 

cotton  seed,  remedy  for  A.  ccyKna,  36. 

elevators  in,  299, 3(H). 

machinery,  191-321. 

construction  of,  ril4]-ril9]. 
experiments    with,     [114j- 

11191 
machines,  A-fraroed,  293-298. 

air-pumps  in,  249-251, 258-261. 
bellows  for,  235-249, 257-262. 
blowera  fQfr,23A-^^. 


Poiaonlng  maohinea,  conduits  for,  283. 

conveyances  for,  283. 
fhimes  for,  283. 
generators  in.  251-257. 
graviutional,  297-309. 
improvomenta  in,  288- 
nozzles  for,  191-22L 
pipes  of.  283. 
pumps  for,  261-283. 
report  on,  191-321. 
silting,  3U2- 309. 
bag  form  of,  304. 
Davis'.  305. 
Eldredge's.  309. 
Goodheart's,  304. 
hand  sieve  form  ot,  dO^-9H 
Hull's,  304. 
Levy's,  305. 
Robinson's,  305. 
Smith's,  308. 
Tavlor's,  806. 
Willie's,  307. 
Young's,  307. 
spraying: 
A -framed,  293-29a 
bellows  for.  235-249, 257-261 
Binkley's.  285. 
blowers  for,  226-262. 
conduits  for.  286. 
oonveyancrs  for,  283. 
Daughtrey's,  258-261. 
generators  in,  251-2S7. 
Goodin's,  286. 
improvements  in,  288-298. 
Joonson's,  284. 
Jones',  285. 
nozzles  for,  191. 
pnmps  for.  249-251,  258-261, 

283. 
under  spraying,  237-238, 241, 
244,   258-261,  264-266,  268, 
288-298. 
Wolfram's.  286. 
sprinklins : 
Gray's  knapsack  can,  M2. 
horseback  style  of,  801. 
knapsack  style  of,  90L 
Ramsey's  uorsebaok.  SOL 
Robinson's,  209. 
Ruggles'  knapsack,  902. 
Schanck's  wheeled,  296. 
Taylor's.  296. 
Townseud's  knapsack,  W. 
tripod  form  of.  297-302. 
water-pot  style  of,  800, 30L 
Willie^  horseback,  800. 
nozzles  for,  191. 
oscillating  bloweni  in,  235-251. 
pumps  for,  261-283. 
rotary  blowers  in,  226-235. 
brushes  in,  222-226. 
throwers  in,  221-228. 
sifters  in,  225. 

the  glands  of  the  cotton  plant,  133. 
larvsB  of  A .  xylina^  1S6. 
moths  of  A.  xylifM,  131. 

experiments  on, 
[15]. 
whieps  nnd  brooms  in,  226. 
Poisons,  effect  of,  on  non-fertilized  blossoms.  fllSl. 
enemies  of  A.  xyUna  killed  by.  [113J. 
experiments  with,  ri4]. 

a uantity  required,  ill5]. 
1  187. 
not  fed  on  by  larva  of  A.  xyHna,  [100]. 
vernacular  name  of  PhytoUteea,  [ZOJ. 
Polansky's  barrel  pump,  276. 

deflector  nozzle,  211. 276. 
PoliHBt  beUieoua  vs.  Aletia.  94. 195. 

ruinginoM  vr.  Aletia,  94. 
Polygonum  hydropiper,  185. 
Pontotoc  Ridge,  65. 
Poplar,  66. 74. 
Popular  names  of  A.  xylina,  1. 

Science  Monthly,  literatare  in,  344.  [105]. 
poreina,  Oarya,  66. 

Pore-canals  of  moth  of  A.  xylintk,  anatomy  of,  52. 
V  distribution  ot 
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Port  Haddon  gronp,,  00. 
Portage  of  jpolsonmg  apparatoB,  288. 
Porter  (6.  K.),  llteratare  by,  322. 888. 
Porto  Bico,  occorrence  of  A.  xylina  in,  42. 
Poat  oak.  66, 67, 70, 72, 73, 76-79. 

aoU,  73, 74. 
Poatore  of  moth  of  A.  xylina,  10. 
Potaaainm  cyanide,  experimenta  with,  1,20]. 
Poaltiy  remedy  for  A.  xylina,  34. 

ya.  Heliothi»  armigera^  375. 
Powder-blftflta,  feeders  for,  227-228. 286-237. 
nozzles  for,  229, 237-288. 

ferders  to  blasts,  227-228, 236-287. 
Power  of  flight  of  moth  of  ^.  xylina  diaooaaed,  20. 
Practical  Entomologist,  literature  in,  844. 
Prairie  Chicken  vt.  A.letia,  88. 

Farmer,  literature  in,  870, 379, 882, 384. 

3 noted.  357. 
innnal.  literatnre  in,  850. 
landa,  68. 69, 74, 77, 78. 
regions,  65, 67. 
Predaceoos  insects  vt.  Aletia,  89. 
Prentice's  rose  combination,  196. 
Preparation  of  external  skeleton  for  examination, 

48. 
Preston    &.   Robeira,   patentees   of  remedy   for 

A.  xylina,  38. 
preHosa,  Trichogretmma.     (See  TriehogrammaprB- 

tiota.) 
Prickly  Ash,  1^5. 
prinuit  Quercut,  G6. 
jpfiononyx  thomcg  vs.  Aletia,  95. 
Prionohu  erutatui  ts.  Aletia,  97. 

SeUothit  armigera,  376. 
Probosoia  of  moth  of  A.  xylina,  anatomy  of^  11, 

52-53. 
Proceedinga  of  A.  A.*  A.  S.,  literatnre  in,  827, 884, 

340. 
Boston  Society  of  Naton^  Hiatory, 

literatnre  in,  824, 331. 
Entomological  Club  of  A.  ▲.  ▲. 

S.,  litoratnre  in,  3  (1. 
Entomological  Society  of  London, 

literature  in.  330, 382. 
Entomological  Society  of  Philadel- 
phia, literatnre  in,  325,  334,  858, 
383,  [121]. 
National  Agricnltnial  Congreaa, 
literatnre  in,  339. 
FnetaeanthuM  mUberti  vs.  Aletia,  99. 
ProototmpidiB,  di£Scnltv  of  defining  fiunily,  [112J. 

food-hal)its  of.  [112]: 
Frodenia   aiUumnalut,    bvuuu>m   uf  Laphygma 
/rugiperda,  353. 
fiuvota,  variety  of  Laphygma  /rugi- 
perda, 353. 
UneateUa  parasited  by  EupUetrus  conk- 

ttoekii,  107. 
ob§cura,  variety  of  Laphygma  /rugi- 
perda, 353. 
Prolega  of  larva  of  A.  xylina,  anatomy  of,  46. 

and  of  Anomia  texa- 
na  compared,  [100] 
Prolificacy  of  moth  of  A.  xylina,  10. 
I*nmuiehfie  sp.  vi.  Aletia,  99. 
Prothorax  of  moth  of  A.  xylina,  external  anatomy 

of  48-49. 
Prout  (C.  F.),  literatnre  by,  326, 330. 
Prouty's  aquapult,  269-270. 

colliding-jet  uozxle,  194. 
Proxye punctulatue  va.  Aletia,  97. 
Prunua  earoliniana,  experiments  with,  [20],  [21 1. 
Psyche,  literature  in,  337, 343. 
PteroiHchtu  tayi  vs.  Aletia,  95. 
Pnmpkin,  vernacular  name  of  OMurMta  jMpo,  868. 
Pnmpa,  262-283. 

air,  249-251. 
appurtenances  to,  283. 
aquaject,  Rumsey's,  270. 
aqxuipalt,  Douglas',  269-270. 
Johnson's,  269-270. 
Prouty's,  269-270. 
aqnarius,  Donglaa',  270. 
barrel  and  tank,  274-283. 
appnrtenancea  to,  288. 
Bairs.  276. 
barrow  kinds  of^  270. 
beat  acting,  279, 282, 288. 


Pnmpa,  barrel  and  tank— 
Blnnt'a,  270. 
Bntman's,  276. 
Champion  Co. 'a,  280. 
Chipley's,  278, 
eiatem  style  of,  278-270. 
counter  style  of,  270. 
discharging  above,  278-283. 
below,  274-278. 
donble-ncting,  279-288. 
Evenden's,  277. 
Helmecke's.  277. 
index  style  of,  270. 
MelchevV  274. 
pendulum  style  of,  270. 
Pinter's,  278. 
Polansky's,  276. 
Ramsden's,  281. 
reduction  oylindered,281-282. 
Buhmann's.  275. 
satisfactory  style  of,  282-28SL 
Schier's,  276. 
single-acting,  274-270. 
truck-kinds  of,  270. 
Vogelsang's,  275. 
Weith's  278. 
well  style  of,  278-270. 
windmill  style  of,  270. 
Yeager'a,  277. 
bilge,  300. 

bucket  and  knapsack,  271-274. 
Allen's,  273. 
Amor's,  274. 
Crandai's.  273. 
Dix's,  272. 

Douglas'  extinguisher,  278. 
extinguisher  form  of,  1^8. 
Holland's,  273. 
Hull's,  274. 
Kaiser's,  272. 
Korth's,  272. 
Lane's,  274. 
Lewis',  271. 
Mallory's,  272. 
McDonald's.  273. 
Staunton's  extinguiaher,  97S. 
Stoner's,  272. 
syringe  form  of,  270. 
water-pot  form  of,  278. 
Wianer's,  274. 
excelsior,  Deakin'a,  271. 
flre-extinfirnishing,  265,  278. 
for  buckets,  271-274. 
elevating,  290,  800.     * 
knapsack  cans,  264-265,  271-274. 
hydronette  and  fountain,  262-260. 
Deakiu's,  204. 
improved  form  of,  264-266. 
kinds  not  in  trade,268-260. 
Rumsey's,  264. 
Servant's,  263. 
use  of,  265-268. 
Whitman '8,263. 
hydropult,  Vose's,  271. 
oscilL-iting.  262. 
reciprocating,  262-283. 
rotary,  201-262. 
suction.  290. 
punetatui^  Paratenetue,  feeding  on  cotton  boDai 

[121J. 
punctipes,  Euechietue.    (See  Eueehittua punetlpet,) 
punetulata,  Oicindela,  food-habits  of,  [107]. 
Puncturing  of  fruit  by  moths,  11. 
Pupa  of  A.  xylina,  description  of,  374,  [96],  [100]. 
Platphypena  teabra,  description  of^  £104 j. 
Pupation  of  A.  xylina,  8. 

Pkoberia  atcnnarie,  [104]. 
Platyhypena  teabra,  [104]. 
Pyrdthre  du  Caucase.    (See  Pyrithrum  vittemotL) 
Pyrethrum,  164. 

active  principlea  in,  169. 
advantages  and  disadvantagea  of,  as  an  in- 
secticide, 168. 
alcoholic  extract  of^  174. 

by  distUlation,  17S. 
reperoolatioii,  176. 
application  of,  aa  dry  powder,  170. 
applied  in  fbmea,  174. 
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PyrethnTn— 

applied  in  water  aolntion,  177. 
as  a  disiufectaut,  [1131. 

remedy  for  A.  x^Una^  38. 

HelxothU  armiaera,  88L 
Hfieratic^fAium,  164, 165, 106, 180. 
oaltivatfon  ot  at  WaAblngton,  166w 
iu  Califonua,  160. 

the  Uoited  States,  168. 
diatribotion  of  seed  of,  ItO. 
effect  of,  upon  vaiiona  inaecta,  179. 
Aletia,  169. 
man,  [113]. 
qaadmpidft,  [113]. 
■  -    -  1-tf  - 


experiment*  witb,  [Uj.  [21]-[231 
extent  of  production  of,  in  Caliiornia,  [118]. 
history  of;  104. 
mode  of  cultivation  of,  165. 
powder,  amount  required  for  the  woima,  174 
experiinentt)  with.  [31]. 
minimum  quautiticg  o^  171,  172. 
mixed  with  flour,  172. 
price  of,  174. 
preparatmn  of  the  plants  for  use,  107. 
price  of,  [113]. 
roMum,  164, 165, 160, 180. 

synonymy  of,  [118]. 
tea  or  decoction  of,  17H. 

wMmnoti,  probable  synonym  of  P.  roMum.  rilS]. 
FyrrhareHa  itabeUa,  brush-sacs  of  moth  o^  [105]. 
quadrilineahu,  XyHieua,  vs.  Aletia,  [106]. 
nuadripunttata,  Theridulm,  vs.  Aletia,  [100]. 
QuaU^  vernacular  name  of  Ortyz  viiyintcmtw,  876. 

vs.  Aletia,  88. 
knantity  of  poisons  required,  [116]. 

lartzites,  79, 80. 
luartzose  soils,  60. 
laasaia,  decoctions  ot  remedy  for  A.  ctylinOt  86. 

tea,  187. 
Queretu  «ate«b<si,  07. 

eintfTfa,  67.         ' 
muhlenbergii^  00. 
n^ra,66. 
printu,  66. 
steUata,  66. 
tinctoria,  66. 
••  B. ",  literature  by,  339. 
Raccoon  vs.  Aletia,  87. 
Bag  Weed,  184. 

vemacnlar  name  of  AmhroiiOt  [201. 
Bain,  connection  of,  with  ravages  of  A.  fl^Nfia, 
29,30. 
Crow  v«.  JLletia,  88. 
Bainfall  of  Cotton  States,  69-61. 
Bains,  destrudtion  of  ants  by,  85. 

influence  of,  on  A.  xylinOf  48, 83-85. 
Ramsden's  pump,  281. 
Bamsey's  horseback  sprinkler,  801. 
Raphinatter  hilaris  vs.  Aletia,  97. 
Bapidity  of  working  of  spraying  machineryi  [116 j. 
rapidua,  Caloeoris.    (See  Oaioeorit  ropiduf.) 
Bavages  of  A.  xylina  in  Cuba,  42. 
Bavmbnd's  jawed-slot  nozzle,  203. 
Bead  (J.  £.),  literature  by,  839. 
Beciprticating  blowers,  pistoned,  249-251. 

compression  sqnirters,  pneonuitio, 

258-261. 
pumps,  262-283. 

squiiters,  solid  pressure,  282-288. 
Bed  bug  (see  Dyndereus  auturdlut). 
cedar,  75, 76. 
clay,  69, 71, 75. 
lead  as  an  insecticide,  164. 
lime  lands,  65, 69, 71. 
loam  lands,  69, 70. 71, 72, 70, 77. 78, 79, 80. 

region,  65, 69, 75-77. 
oak.  68, 72, 76, 77, 78, 79. 
pepper,  vernacular  name  of  Oaptioum  on- 

niium,  862. 
sandstones,  75. 
shales,  75. 

spider,  iiyury  to  cotton  by,  [61. 
BeductloD  ovlindrical  pomps,  281-282. 
Bedmng  Blackbird  v«.  Aletia,  88. 
Beed  (E.  B.),  literature  by.  883. 
Beese  (W.  P.),  literature  by,  889. 
rmlit.  Oitheronia,  larva  panaited  by  Bdooitln 
Vi/oiciata,  [110]. 


Begions  of  fbrest  growth,  66-87. 
BeSiediea,  chapter  on,  128. 
for  A.  s^lina^  41. 

history  of;  84-SflL 
inqniriea  for,  [119]. 
SteUe  (J.  P.),  on.  [119]- 
J 120). 
R^pipta  tawnu  Ts,  A]eUa,97. 
EetMLa  lutsola^  food-plant  of  HdiotkU  armimn, 

803. 
Retedaceof,  food-plants  of  HdiothU  armigen^  MS. 
Beverberatory  nozzles,  247. 
rAsxuB,  Ohloridea.    (See  GhUtridM  rhmim.) 
fibenOw  ITreno,  eggs  found  on.  [103]. 
Bice  bird  m.  Aletia,  88. 
Bidgway  (B.),  list  of  birds  of  Sonthem  States  by, 

reference  to,  [166]. 
Bigers  light  trap.  315. 
Biley(C.  v.),  description  of  I\Mfttiia  alcfui  by, 

[109f. 
'  extracts  fh>m  addresses  by,  (1051, 

[113].  [119]-ri20]. 
literature  by,  825,  326^  828L  82^  831, 

837-343, 384,  [101)-{104].  [109]. 
on  effect  of  pyrethrom  on  msB, 
[113]. 
H^iothU  amnigera  etttbig  PAy* 
BoJUa^  382. 
eating  Pituxm  sattettm,  382. 
Identity  of  Boll  Worm  and  Com 

Worm,  869. 
parasitism  of  HsZiotfttt  ormj^tfis 

by  Tachina  anonymo,  377. 
remedies  for  A.  syniM,  SO,  87. 

87& 
use  of  Paris  green  fbr  AletiA, 
[119]-[120l. 
paper  read  before  National  Acad* 

emy  of  Science,  18. 
quoted,  352,  380. 
rimefaKt,  Pianea.    (See  Pitmrnk  rimogoMa.) 
Blae  and  fall  in  abundance  of  iz^orious  inaeoti,  21 
Biver^wamp  formation,  65. 
Boaohes,  efl»ct  of  pyrethram  on,  [16]. 
Boad  dnst  as  a  diluent  of  pyrethram  powder,  171. 
an  insecticide,  154. 
effect  of,  on  Aletia  tcyUnOt  [28]. 
substitute  for  diluents,  140. 
Boane  (James),  acknowledgments  to,  xx,  xxxL 
on  exx>crience  with  London  poiplt 

in  Alabuna,  160. 
preparing  vegetable  extractStltt* 
Boberta  (J.),  quoted,  [6]. 
Boberts  (T.  J.),  observations  by,  [7]. 
Bobertson  (W.  H.),  quoted,  16]. 
Rabinia,,  food-plant  of  Platyhypena  Moftro,  [IM]. 
Bobinson's  silting  machine,  305. 

sprinkling  machine,  299. 
Bocky  Mountain  Locust.  (See  OalopUmu tprthti.} 
Boot-rot,  synonym  of  cotton  blight,  [251. 
rotaeeana,  Cacaeeitt,  parasited  by  OhtSuit  gp>Hi> 

Bose  Mallow,  vernacular  name  of  Stbitout  grand 
i/hra,  863. 
nozzle  combinations,  190. 
Barry's,  196. 
Prentice's,  198. 
noBsles,  191-196. 
divided,  195. 

Barrow's,  196, 
clutch-headed,  196. 
Foes',  195. 
Fox's,  195. 
peripheral,  divided,  190. 
Melcher's.  198. 
BuhmannV  198. 
Yeager'a,  198. 
T-ihaped,  194. 

improvements  in,  194. 
Warner's,  194. 
Yeager'a,  194. 
fOMiim,  Pifr§Uurum,   (See  Pyntknum  rotmtm*) 
Botaiy  Uowers,  force  blast.  286, 267. 
of  flnlds,  282-286. 
Damoll'a,  233-284. 
new  s^le,  232-288. 
Perl's  ftimigating,  384. 
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Skid  in  poisoning  machinery,  268. 
Sknnk  v».  Aletia,  87. 
Slot  noEilea,  196-205. 

Fowler's,  201-202. 
lake's,  201-202. 
Mallory's,  201-202. 
Mclchf^r's,  205. 
Schier's,  5i05. 
simple  ones,  201. 
Jawed,  203. 

"The  Boss  nosxle,"  208. 
Moffetts.  203. 
Perkins's,  203. 
Pinter's,  203. 
Ravmond's.  203. 
Rnnmann's,  208. 
Smith's,  203. 
Stanton's,  203. 
William's,  203. 
plng-slots  in.  202. 
Allen's,  202. 
Johnson's,  202. 
"The  Niagara,"  202. 
Pinter's,  202. 
removable    slots   of   Long,    Yeetal, 
Merigot,  203. 
Smartweed,  186.  • 

Smith  (B.  A.),  acknowledgments   to,  xz,  xxxi, 

xxxiv. 
experiment  with  pyrethmm  ex- 
tract, 174. 
Smith  (J.  B.),  revision  of  the  HeUothiruB,  quoted, 

851. 
Smith's  J awed-slot  nozsle,  203. 

sifting  machine,  308. 
Sroith-Yaniz  (Q.  W.),  ou  doration  of  larva  stage 

of  H^iothi$  armigera, 
369. 
sfMUBons  of  HeliothiM  ar- 
migera,  373. 
Snails  mistaken  for  eggs  of  A.  Toytina,  6. 
Snow-drop  tree,  00. 

storm,  larvae  of  A.  xylina  killed  by,  23. 
Soap-snds,  catching  insects  in,  315.  ^ 

in  traps,  321. 
Soil,  condition  or,  connected  with  first  appearance 

of  larva  of  A.  xylina,  81-82. 
Soils  of  Cotton  States.  64-65. 
SolanaeecB,  food-plants  uf  Heliotkia  artnigera^  362. 
SoUmum  earolinenne,  186. 
comtUum,  180. 

iieglinge,  food-plant  of  AtpUa  vireteent, 
17, 362. 
Soldier-beetles  vg.  Aletia,  06. 

bug,  natural  enemy  oT  Heliothia  armigera, 
[19]. 
SoUnoptia  gemincUa  vs.  Aletia,  90. 

xyloni  vs  Aletia,  90, 92. 93. 
Solid  compression  sqnirters,  261-2M. 
bellows  form  of.  262. 
oHcillatiug.  262. 
pomp  forms  of  262-263. 
reciprocating.  262-283. 
rotary  form  of,  261-262. 
Solidago,  Aletia  xylina  images  on  flowers  ot,  [20]. 

food-plant  of  Platyhyj)€na  »eabra,  8o4. 
Sommer  collection,  condition  of,  [961. 

worthlessness  of  labels  in,  [96]. 
Sorsby  (B.  A.),  on  idontity  of  lk>ll  Worm  and  Com 

Worm,  359. 
remedies   for   HeUothia  armi- 
gera,  380. 
Sonr  gum,  76. 
wood  66. 
South  Carolina,  history  of  A.  xylina  in,  28-29, 31- 

33. 
occurrence  of  A.  xylina  in,  34-85. 
SontLem  Agriculturist,  literature  in,  822, 380, 331, 
836,  R41. 
Cultivator,  literature  in,  323, 825, 384, 888, 

338. 842. 343, 344,  378. 
Farm  and  Home,  literature  in,  826, 836, 

337. 
Farmers'  Monthly,  literature  in,  888, 342, 

343. 
Herald  (Libertv,  Miss.),  literature  in,  838. 
Planter,  literature  in,  338, 382. 


Southern  Rural  Almanac  for  1851,  Bteratnte  ta, 
324. 
Ruralist,  literatnre  in,  330. 
Sparrows  vg,  Aletia,  86. 
Spalding  (Thomas),  cited.  23. 

literature  by,  822, 336, 842. 
Spanish  oak,  72,  76, 79. 
Spearmint,  186. 
aphamda,  Theridula,  food-habits  of.  [106]-[107]. 

vs.  Aletia,  [1U6]. 
Sphex  ecervlea  vs.  Aletia,  04. 

pennsylvanica  vs.  Aletia.  9i 
Uphinx  catalpa,  cflTect  of  pvrethnim  on,  [32]. 

convoltmXi  parasited  by  Phora.  117. 
nieatum^  Malvattrum,  eggs  tonnd  on,  [103]. 
Spiders,  effect  of  pyrothnim  on.  [15]. 

notafTocied  by  pyrethmm.  179. 
of  cotton  plnnt.  report  on,  [1061-1107]. 
vg.  Aletia,  89. 

vs.  Heliotkig  Amtigera.  376.  [19]. 
Spiiogtyma  aerea,  leave.*!  blotched  by  larva  oC  [1001. 
Spined  Soldier-bug,  vernacular  name  of  Poditut 

gpinogug,  376. 
Spines  of  moth  of  A.  xylina,  anatomy  of,  51,53. 
gpinoga,  Sida,  Qfi2  found  on.  [103]. 
localities  for,  (1U4). 
nrinogug,  Podigvg.    (See  Podigug  gpinog%tg.} 
Spiracles  of  moth  of  A.  xylina,  anatomy  of  5L 

Tachinid  puparium,  anatomy  o^  [110). 
SpizgUa  spp.  v«.  Aletia,  88. 
Sponge,  beuEined,  in  trays.  311. 

chloroformed,  in  traps,  320. 
Spray-blasts.  243-249. 
forks,  229. 
noBzles,  191-221. 
pipes,  219. 

pumps.    (Setf  Pum  ps. ) 
wheels.  221. 
Spraying  machinery,  construction  of,  [114]-nLll1. 

experiments     with,    T114V 

[lift], 
rate  of  working  of;  [115]. 
poison,  191-302. 
Sprays,  forked.  229. 

mretug,  CalopUnug.    (See  OalopUnttg  gpntmi,) 
Spruce  pine,  67. 

Squash,  food-plant  of  HduftAxg  armigtra^  WL 
Sqnirters,  pneumatic  compression,  253-261. 
DanghtreyS,  258-261. 
generative,  253.257. 
oscillating.  257. 
reciprocating,  258-261. 
rotary,  257. 
Worswick  Co.'s,  2S& 
solid  compression,  261-283. 
bellows  form  of,  262. 
oscillating,  262. 
pump  form,  of,  262-288. 
reciprocating,  262-283. 
rotary  form  of,  261-202. 
Stalk-rust,  synonym  of  cotton  blight,  [25]. 
Stanton's  fire  extinguisher  pump,  273. 

Jawed-slot  nozsle,  203. 
Staple's  pump,  263. 
Statistical  report  quoted,  355, 366. 
Statistics  of  losses  caused  by  A.  xylina^t-A. 
Staudinger    (O.),  purchaser   of    Sommer  mOm- 

tion,  [961. 
Steinman^s  generator  vaporizer,  251. 
iUUata,  Epgira,  vs.  Aletui,  [106]. 

Qugreug,  66. 
Stelle  (J.  P.),  claims  of,  [105]. 

experiments  carried  oat  by,  158. 
literature  by.  329, 383, 842. 343. 
on  cause  of  '*  Boll  rot,"  867, 868. 
effect  of  shade  on  Aletia,  124. 
remedies  for  £^d»oCAir  armigtra^ 
881 
A.  xyUna,  37.  [119)- 
[120]. 
road  dust,  125. 

use  of  Paris  green  for  Aletia 
[119]-ri20]. 
report  of,  [251. 
work  on  tne  mTeetlgstloii. 
Sttnopoda  cingrea  vs.  Aletia,  97. 
Stephen's  light  trap,  816. 
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Ifliog  of  Insects,  310-314. 
igmata  of  larva  of  A.  geylina,  aaatomy  ot  4(M7. 
ir^nu  finU)riatu0  VB.  Aletia.ira. 
Irrer  pomp,  construction  of,  I115]-ril0]> 
omaco  of  larra  of  A.  xylina^  anatomy  ol  47. 

histology  ot  48. 
moth  of  iL.  scylina,  anaUnny  of^  SSL 
oner's  backet  pump,  272. 
Dwe  (Mrs.  H.  B),  cited,  25-26. 
rainer  of  poison.  288. 

roee-nozzle,  Fox's.  195. 
rainers.  use  of,  (116]-[lli]. 
raining  poison  mixtures,  192. 
retch  (K.  H.).on  brash-sacs  of  Ii«u6arefia  aer§a. 
[105]. 

ring-bean,  yemacolar  name  of  PhauoluB  vuXm- 
ru.  362. 

rychnine.  experiments  with,  [20\. 
ibcarboniferons  formation,  75, 76^  77,  79. 
idden  appearance  of  moth  of  A.  ^Umm  dl» 
snased,  20. 

lliyan,  Miss  L.,  drawingaiJT,  acknowledged,  zs. 
Iphor  as  an  insecticide,  164. 

remedy  for  A.  xulina^  84. 
;mmary  of  eTidence  on  nibemation  of  J..  wyUnm, 
12. 

inmier  squash,  remacnlar  name  of  OucwrHta 
9«mMosa,  863. 

turtUutf  i>y9dtreuM.    (St«  I>ff»derou§  mUunUut.) 
rallows,  natural  enemies  of  HtUoihU  armigeta, 

[1»|. 

ramp  chestnat  oak,  68,  78. 
reep-plow,  remedy  toTA.wylina^  86. 
reeping  destroyers  of  insocta,  810. 

Ewing*8.  814 
Helm^  818. 
IskeeV814. 
Wood-Smith*a,811. 
reet-gnm,  68, 71.  74, 78. 

leaf  Bomelia,  67. 
rine  feeding  on  A.  syUno,  [106]. 
rinton  (A.  H.),  cited,  50. 
Ivutrit,  Malva,  localities  for,  [103]. 
nonymyof  A.  opylina.  2. 
riaetu,  Mibuetu,  localities  for,  [104], 
Tinge,  can-cylindered.  274. 
extinguisher,  266. 
Johnson's,  270. 
sprayer,  Lewis',  271. 
kble  lands,  65,  60,  69,  72-78,  78. 
ddna,  a  parasite  of  AUtia  xyUnm.  (19],  [20]. 

Heliotkis  annigtra^  |19 
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fllslks,  description  of  imago  of,  [1091 
parasite  of  AUHa  xyUna,  877. 

BehotlUt  amUgtra^Vn, 
ra.  Aletia,  101, 109. 
•tionysM^  parasite  of  Htiiothia  urmSgeta, 

877. 
•Oficinnola,  figure  of  larra  o£  compared, 

(110].  .  *^ 

Jlavieauda  figured,  109. 
flies  vs.  Aletia,  109. 
/hM^mo,  description  of  imago  of,  [109]. 

ys.  Aletia,  101,  109. 
■p.,  parasitic  on  Mantis,  100. 
v«tt»ea,  reference  to  description  of  lanm 
and  pupa  of.  [110]. 
lehlnid  fly  eaten  by  uxyopeM  viridant,  [107]. 
parasitic  on  Aletia  xylina,  [16]. 

JSeliothit  armigera,  [161. 
larva  compared  with  larva  of  Sarcopii- 
aca,  [109]. 
description  of,  [109]. 
pnparium  compared  with  pupaiinm  of 
Barcophsga,  11091-[111]. 

description  oi;  [109]-I1111. 
apiraclea  in  nonnal  fbim  o^ 
[1101. 
ia,PtfMM,66,67. 
fiacUum  vulgoff  186. 
jisy,  186. 

x-catching  of  insects,  811-814, 815, 821. 
asel  Worm,  vernacular  name  of  JStUoUdt 
psro,  858. 

ylor  <F.  G.  H.),  literature  by,  848. 
ylor'a  sifting  machine,  806. 
sprinkling  machine, 
lephorias  m.  Aletia,  96. 


TemperatoTC  of  Cotton  States,  61-62. 
Tennessee,  history  of  A.  xylina  in,  25, 29, 38. 
Term  of  existence  of  chrysalis  of  A.  cybno,  ft. 

larva  of  A.  xylina,  7. 
Terminal  body  segments  of  motJi  of  A.  xyUmt^ 

temal  anatomy  of,  56-58. 
Terrestrial  and  meteorological  tnflnenoea 

ing  the  worm,  81-86. 
,  Termites,  effect  of  pyretbrum  on,  [15]. 
'Tertiary  formations,  63, 64, 71. 
Tastes  of  larva  of  A.  xylina,  anatomy  ot  67. 
moth  of  A.  Kulina,  anatomy  o^  67* 
TUraeha  Carolina  vs.  Aletia,  95. 
virginiea  vs.  Aletia,  95. 
Tttragnatha  exUnsa  vs.  Aletia,  89,  [106]. 

laborioia  va  Aletia,  fl06]. 
TUrattiehui€turtu,  description  of  imago  of^  [tlll> 

synonymy  of;  [UIJ. 
vs.  Aletia,  115. 
TnUiOna  triangulo»a  vb.  Aletia,  [106]. 
taecNM,  Anomtt.    (See  Anomit  Uxana.) 
Tazaa  Cotton  Worm  deetroyer,  remedy  for  A. 
xylina,  38, 148. 
history  of  A.  xylina  in,  24-84. 
Texas  Journal  of  Commerce,  literature  In,  84IL 
Thazter  (K.),  literature  by,  343. 
Theories  on  hibernation  of  A.  xylina,  16. 
Theoiy  of  annual  introduction  of  Aletia  mgUmm 
from  other  countries,  19-21. 
periodical  recurrence  of  A.  fl^KiiA,  aft» 
26w 
TkeridloidB  w.  Aletia,  [106]. 
Tkgriduia  qvadripuneUUa  vs.  Aletia.  [106]. 

tpKmtla,  food-habits  of,  [106]-[lfn. 
vs.  Aletia,  89,  [106]. 
Thomisoidn  vs.  Aletia.  [106]. 
Thorax  of  moth  of  A.  xyUna,  external  siialiiMj  «1 

48-50. 
Tbrowen,  centrifigal,  821, 286. 
Thrash  m.  Aletia,  88. 
Thyanta  enttator  va.  Aletia,  98. 
thyoidei,  Junipenu,  67. 

ThyridopUryx  ephmntrt^ormia  paraalted  bj  OMI- 

euovala.[1111. 
paraaited  hyPiM* 
pla  eeiMMfitof, 
112. 
Ti.tl,67. 

Tiger-beetle  ra.  HeKothiaarmig^rm,  [18]. 
Tiger-beetles  feeding  on  Aletia.  95 

vernacular  name  of  OMMMMok  876. 
Time  from  genention  to  generation  of  A.  aymma, 
11>12. 
of  oviposition  of  A.  xylina,  10. 
when  flmt  worms  of  A.  xylina  appear,  lS-18. 
Hnetoria,  Quereue,  66. 
Tinea  graneUa,  synonymy  of,  [W^. 
sp.  paraaited  by  Phora,  ll'i . 
Tlneid  feeding  on  cotton  bolls,  [121]. 
Tobacco,  184. 

food-plant  of  Heliothii  armigerm,  868. 
Tomato,  food-plant  of  HeUothia  artnigera,  866, 861. 

117]. 
Plutia  hraefiea,  869. 
Fmit  Worm,  vernacular  name  of  Heiiolki§ 
armigera,  358. 
fomsntoML  Oarya,  66,  67. 
Toombs  (Robert),  cited,  42. 
Topography  of  the  Cotton  States,  68-84. 
Topping  cotton,  remedy  for  A.  xylina^  85. 

Beiiiothiaami4gwra,Vn. 
Townsend*a  knapsack  sprinkler,  80S. 
Transactiona  of  Academy  of  Science,  Saint  Lonia, 

literature  in.  341,  [108],  [llO]. 
Agricultural  Society  State  New 

York,  littrature  in,  84L 
American  EntoniDlogical  Society, 
literature  in,  351,  fill]. 
Transfonnations  of  Heliothia  armigertit  864. 
Trap  lanterns  as  remedies  for  A.  xylina,  86. 

HeUothia  aemigera, 
878. 
Timpa,  baited,  Binkley's,  821. 
Garrett's,  817, 
Heard's,  817. 
net  form  of,  818. 
Fngh's,  880. 
Sti&'a,  818. 
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Traps,  baited,  oatchJng  moths  by,  814-82L 

with  baits,  817-821. 
with  lighttt,  314. 
flloidBated,  Binkley's,  821. 
Cranston's,  318. 
Dudley's,  316. 
Duke's,  316. 
Fordtran's,  816. 
Garrett's,  320. 
Le  Blsno's,  316. 
Lewis's,  315. 
McQat^n's,  315w 
net  form  of,  318. 
Pitman's,  816. 
Pugh's,  320. 
Ri^zel's.  315. 
simple  form  of^  315. 
Stephen's,  316. 
Stith's,  319. 
with  light  and  bait.  317. 
Tray-oatohing  of  insects.  310,  3 1 4. 
Treat  (Mary),  on  Heliothis  armig^ra  eating  CTadW 

olus,  363. 
SeliothU  armigera  eating  Pitum 
tativum,  362. 
quoted.  359. 
Tree  Frogs  v§.  Aletia,  89. 

of  Paradise,  vernacular  name  of  AUmnJkUB, 
[20]. 

7?reea,  effect  of,  on  Aletia  xylina,  [20]. 
Treleaee (William),  experiments  by.  qaoted,  16S. 

literature  by,  329,  331,  843,  [101]. 
on  destruction  of  HdwUuMmt' 
migtra  by  ante,  876. 
H«lioihi»  armigwa  eating  .A  I0- 

ila  xylina,  368. 
Heliothit  armigera  eating  Fi- 

turn  tiativum.  3ffi2. 
panisitism  of  Seliothii  armi- 
gera  by  T<ichina  aUtim,  877. 
Trenton  formation,  75. 
Triasaie  formation,  75,  77. 
triangtOtUa,  Oamrrhoi^,  localities  for.  [103]. 
triofitffuloaa^  Ttutana,  vs.  Aletia,  fl06). 
Trichogramma  egg*l^arai<ito,  vemacnlar  name  of 

Tnehogramma  pretioMa,  377. 
minuta  compared  with  2*.  preHotOt 

[107]. 
•refiofa, description  of  imago  o^ 
[107]. 
destruction  of  Aletiaa^lina 

by,  [7]. 
parasite  of  AUHa  xylina^ 

377,  [16]. 
parasi  te  of  Hehothii  armi- 
gera, 377,  [16]. 
vs.  Aletia,  101, 102, 108. 
Trinidad,  ocenrrenoe  of  A.  xulina  in,  42. 
trionum,  Hibiteut,  localities  for  [104J. 
TriphU^  ineidioetu  vs.  Aletia.  97, 98. 
spp.  v§.  eggs  of  A  letia,  94. 
Tripod  aatomatic  sprinkler.  297-298. 
Troohaatinea  of  moth  of  A.  scyZino,  anatomy  of, 

40,50. 
Tropioal  Agrionlturist,  literatnre  In,  388. 
Trowbridge  (8.  J.),  letter  from.  40-41. 

liti^ratare  by,  842, 843. 
Track  pnmps  In  poisoning,  279. 
Tulip  tree,  73. 
Turkey  oak,  07. 

Turkeys,  remedy  for  A.  wylintk,  84, 85. 
M.  Aletia.  88. 

ra  JSeli»thie  armigera,  875. 
romer  (J.  A.),  literatnre  by,  326, 330, 348. 

Otton  Planter's   Mannal,  litara- 
tnre  in,  332, 382. 
Tyler'a  paaip,  263. 

Tympanum  of  motb  of  A.  xyHna,  aanktamj  ef^M. 
u/phailmidee,  Pav^nia,  eggs  found  on,  [103]. 
Tyranmu  ca/reUneneia  vs.  Aletia,  88. 

Ts.  Heliothit  armigmrmt  87ft. 
vertiealie  va  Aletia  syZino,  [291. 
umhromu,  Heli^thie.    (See  Hellothie  umbromu,) 
un^ptHMte,  Lmtaania.    (See  Leueania  wiilpuneUk.) 
Uaoerainmying,  improvements  in  adjuatmenta  Ibr, 

0141-1119]. 
theory.  Danghtrey'a.  258-afL 


Unftlad  Btataa  Commissioner  of  Agrieoltars^  A>> 
nnal  Reporta,  Utoratnre  in,  SSL 
884, 386, 337, 838.802. 882. 888,[U0]. 
Cir6alarby,87.d& 
Commissioner  of  Patenta,  ^  *-«■*' 
Reports,  Agrioultnro,  literatnre 
In,  833,  859,  30, 3^.  382, 388,  [lU]. 
Department  of  Agricoltore,  An- 
dreas of  Hon.  Oeorge  B.  Lorlac, 

etc.,  literature  in.  320,  ML 
Annual   Beporta,  ttteratoie  In, 

820,354. 
Bnreau  of  Sntom<^oey,  Bolktia 

5,  literatnre  in,  [1081. 
circular  of  inquiry  aboat  Paiit 

green,  326. 
Division  of  Entomology.BuUeltai 

8,  literature  in,  [113H110J. 
examination   of  maivaoeoni 
plants  in  herbarium  o^  [108]. 
Monthlv  Reports,  literature  ii, 

332-835, 338, 3SI. 
Beport  upon  Cotton  Inaeotiklifr 
eraturo  in,  33S-337, 341, 348, 844, 
362.363.382.  riun. 
Special  Repoit  No.  8,  lltenteiv 
in,  332. 
Entomological  Commission,  Ffnl 
Annnal   Report,    literature  li, 

flOOl. 
Bulletin  No.  3,  literature  in,  Stt. 
Circular   No.  11,  lltsratare  la, 

337.343. 
notice  of,  337, 343. 
Ceological  and  (^eographloal  Boat- 
vey  of  the  Territories, 
literature  in^  384. 
history  of  A.  scytina  In, 
Upland  oaka,  67, 68. 71. 79, 60. 
Upper  pine  region,  67. 

prairie  region,  65,  78-75. 
Upton  (ir.  S.),  literature  by,  843. 
Ure  (Andrew),  cited,  43. 

lit«ratare  by,  821  SSI,  848. 
Urenm  lobata  aooount  of,  [162]-!  1081. 

food-plant  of  larva  01  AnowM 
346,  [1021. 
ribeeia,  eggs  found  on,  [103]. 
UrUeaeetB^  food-plants  of  Heliothie  orm^^sra,  S6i 
Yaccinium,  67. 

Yagina  of  moth  of  A.  xylina^  anatomy  ot  58. 
Fosa  d^erwUia  of  moth  of  A.  wylina,  anatnwy  «C 

57. 
Yegetable  Insecticides,  16i,  181. 

experimenting  with,  182. 
list  of  plants  experimented  with,  VtL 
modes  of  effect  of,  188. 
poisons,  experiments  wltii,  [82]. 
preparations,  effect  of,  on  Inaeota,  [81)- 
[23]. 
preparation  of^  [80]. 
Yeneraela,  direptlon  of  winds  in.  48. 
history  of  A.  xyUna  in,  43. 
Insects  Ij^uring  cotton  In,  4S-48. 
occurrence  of  A.  xyUna  in,  48^48. 
Yeia  Cma,  cultivation  of  cotton  in,  40. 
direction  of  w^ds  in,  41. 
oocnri'enoe  of  A.  xyHna  in,  40-4L 
Fsr^Meum  thapeue,  186. 

Terbena  aubUtia  ted  on  by  moth  of  A.  wyUm^  VL 
T&monia  novfboraceneia,  186. 
▼ersohlussband.  anterior  lip  of  stigma,  41. 
YerachlussbUgel,  posterior  Up  of  stigmak  4M. 
▼ertebrate  enemies  of  Aletia,  87. 
Veapa  Carolina  va.  Aletia,  94. 

fermaniea  vs.  Aletia,  94. 
Testal^s  removable>slot  noaalo,  903. 
Tioksbnrg  Herald,  literatnre  In, 
Yigna,  food-plant  of  BeUoikit 
viuiea,  Taehtnaj  reference  to 

and  pupa  of,  illO]. 
Yinegar,  experiments  with,  [291. 

in  baite,  317,  820. 
virsNimt,  AapHa,    (See  AtoOei  vintomt.) 
Yirginia,  history  of  A.  ^yKna  In,  99. 
wievlniea,  KoatOettkya,  looalitlea  Av.  [104]. 
vMlont,  Ogeycpt.    (See  Oaty^pm  ^nimu) 
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Vogeloaog's  barrel  pnmp,  37S. 

noulM,  276. 
Yose's  hydropult.  271. 
Wagons  in  poisoning,  266-268. 
Wanes  (B.  C.  L.),  oited,  34.  35. 

Uteratoro  by,  834,  8411 
Waldo  (J.  C),  literature  by,  8&. 
Wallace's  blast  sprayer,  249. 
Walnnt,  75. 

Walsh  (R  D.).  Uteratnre  by.  825. 848, 844, 884,  [Ul]. 
Washington  World,  literature  in,  388. 
Wasps,  effect  of  pyrethmm  on.  [16]. 

iofluenoe  of  wet  weather  on,  [106]. 
M.  Aletia,  89, 94. 
Wster  oak,  68, 71, 73. 
Watering-pot  pnmpa,  278. 

pots.  800, 802. 
Wax,  in  baits.  320. 
Weather,  iniiaence  ot  on  A.  »ylinm,  83-86. 

Heliothit  urmtg^m,  [191. 
ravages  of  A.  stylina,  25, 
26, 27, 29. 30;  84-86, 44. 
Weber's  oolllding-Jet  nossle,  104. 
Weed  (G.  M.),  on  Dmsh-sacs  of  moths,  [196]. 
Wt^iudel's  air  pamp,  258. 
Weir  <J.  J.),  UteTatore  by,  882. 

on  food-habits  of  H§tiothia  armigtra, 
862. 
Weith's  pnmp,  278. 
Well  pumps  m  poisnnlTif;.  278-279. 
Wells  (~),  lit«iaiur«i  b.Y.  344. 
West  Indies,  decrease  or  cotton  cnltoro  tai,  8L 
Weatwood  (J.  O.),  literature  by,  [110]. 
Wet  application  of  arsenical  poisons.  142L 
effect  of,  on  blossoms.  [112]. 
weather.  Influence  of,  on  A  .«yl»na,  88-85,  [105]. 

enemies  of  A.  ayUfnm, 
[1051. 
Wetherby  (A.  Q.),  Uteratnre  by,  844 
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